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Preliminary estimates of the costs of nonuse of occupant restraints  
were developed as a result of the f irst  phase of a two-phase effor t .  
Using published injury and cost data,  i t  was found that  such costs are  
significant, The costs amount to some $500 in "direct" costs for every 
outboard front seat  occupant who does not wear a lap-and-shoulder 
restraint  i n  a passenger car that is damaged so severely that it must be 
towed from the scene of the crash. llSocietallT costs (including the direct 
costs) are about $2,500 for each such occupant. 
Summing these costs across all such occupants in all  such crashes 
nationwide results in a total direct cost of about $1.6 billion per year and 
a total  societal  cost of about $8.4 billion per year. We view these  
est imates as conservative. Inclusion of other types of vehicles, crashes, 
and occupants in the calculations would also increase costs--probably by 
thir ty percent or more. An estimate of $15 billion per year as the upper 
range of economic costs of nonuse of occupant restraints  is a reasonable 
order-of-magnitude approximation. 
The ques t ion  of who pays t he se  cos t s  has not been adequately 
addressed in past studies. The implication of the studies on direct  costs 
is that  the crash victim or his family pay, but the manner in which such 
costs may be transferred to other sectors (for example, government) has 
not been analyzed. Similarly, studies identify "society" as the payor of 
the societal costs, but the specific sectors of society that  bear given 
components of cost are not stated. 
Two topics are  singled out for emphasis during the second phase of 
this study. First, data will be collected for use in identifying sectors 
that  bear significant portions of the cost of not using occupant restraints. 
Several past crashes will be examined to identify cost categories and who 
paid t he  c o s t s  in those  ca t ego r i e s .  The second topic will be the 
continued examination of injury severity data. Existing data bases will be 
studied to see if presently available distributions of injury severity can be 
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Almost all motor vehicles now in use on the nation's highways a re  
equipped with some form of act ive occupant restraint.  Use of these 
available occupant restraints can reduce injury and consequent economic 
losses for people involved in traffic crashes. While the safety benefit of 
occupant restraint use is well established, use ra tes  remain low. The 
objective of this study is to examine the nature and estimated amount of 
economic costs resulting from the nonuse of occupant restraints, and to 
develop information that will support programs to increase their use. 
The study is being conducted by the Policy Analysis Division of The 
University of Michigan Highway Safety Research Institute (HSRI). Funding 
for the study has been provided by an unrestricted gif t  by the Motor 
Vehicle Manufacturers Association. 
The report is preliminary in nature. Interim findings are presented 
and future directions for the study a re  identified. The methods  of 
analysis used and to be used are described. We recognize that the study 
topic is of interest to the highway safety community. We hope that  by 
shar ing our preliminary findings that  comment can be obtained from 
colleagues and that others examining the topic will join with us in using 
corn mon methodological approaches so that comparative data can be 
developed. Past studies have used different terminology, different data ,  
d i f f e r e n t  methods of analysis, and, not surprisingly, are  difficult to 
compare. 
The topic is large. No one study can hope to be definitive. Greater 
commonality in approaches will allow the topic to be addressed more 
rapidly and more definitively. Because of this, in our study we have 
emphasized the development of methods and specification of terminology. 
In la ter  phases of the study, similar attention will be given to identifying 
data requirements and data collection methods. We seek comment and 
will welcome the  oppor tun i ty  t o  ta lk  with o t h e r  researchers and 
practitioners interested in the subject. 
1.1 Objectives 
The genera l  object ive of this report is to develop a preliminary 
estimate of the economic costs of not using occupant restraints. Specific 
objectives are to: 
specify an approach for analyzing the costs of traffic 
crash injuries due to the nonuse of restraints, 
develop data requirements for making cost estimates, 
identify currently avai lable  da ta  from the published 
l i te ra ture ,  
develop preliminary cost estimates, and 
identify the research required to develop more detailed 
cost estimates. 
1.2 Scope and Approach 
The study has been divided into two phases. In the first phase, 
reported here, the focus was on the identification and evaluation of 
existing data and research approaches as found in the published literature. 
The most attention was given to the literature that directly addressed the 
topic.  Indirect  sources (e.g., relevant economic l i terature,  trauma 
research findings) were cursorily examined as data requirements developed. 
Similarly, limited contacts were made with practitioners and researchers 
who had interest in the topic. In the second phase of the study, as data 
requirements are established i n  greater detail, the literature search will 
be broadened and more extensive contacts will be made to collect data. 
The preliminary cost  estimates presented in this report are the 
"global" costs of injuries resulting from nonuse of occupant restraints. 
The costs are those generated by entire populations of drivers in the vast 
variety of crash situations. The aim was to develop an estimate of the 
cost  of nonuse of occupant r e s t r a in t s  for the mythical "averagell 
crash-involved occupant. This e s t ima te  is then used to  obtain an 
order-of-magnitude est imate of the costs of nonuse nationwide. All 
identifiable, significant components of economic cos t s  were  sought ,  
including both direct and indirect costs. 
As our approach did not rely on disaggregate data,  no a t tempt  was 
made to build up the costs from basic data on trauma, hospitalization 
costs, disability costs, e tc .  Similarly, no a t tempt  has been made t o  
disaggrega t e  the costs by specific subpopulations of occupants (e.g., older 
persons) in specific crash situations (e.g., rollover crashes). Data are  not 
readily available to allow disaggregation. 
A major concern has been to ident i fy  who pays t he  cos t s .  We 
speculated that the present literature would not contain data that would 
support statements about who bears the ultimate costs. Regretably, we 
must report that  our initial hypothesis appears to be correct. Thus, later 
phases of this study will address  t he  quest ion by spec i fy ing  d a t a  
requirements, identifying collection and analysis approaches, and to the 
extent funding permits-data collection and analysis will be undertaken. 
We hope to be able to provide some insights on the question of who 
pays. More work wil l  be required to develop definitive est imates and to 
refine the estimates so that they are applicable to specific subpopulations. 
We encourage other sponsors and researchers to also undertake such 
research. We note that conduct of such inquiry has been recommended 
by the National Academy of Sciences i n  a recent report to Congress 
(Transportation Research Board 198 0 ). 
1.3 Report Organization 
Our analys is  is presented in four parts. First,  past methods are  
examined and classified. A basic approach is identified and the top-level 
variables needed for analysis are specified (Section 2.0). Next, past 
studies of these variables and their use in cost analysis are examined to 
determine their applicability to this study (Section 3.0). Values of these 
variables most appropriate to this study are then identified and are  used 
in developing our preliminary cost estimates (Section 4.0). Conclusions 
and recommendations are presented in Section 5.0. 

2.0 MODELS FOR ESTIMATING THE EFFECTIVENESS 
OF OCCUPANT RESTRAINTS 
This section presents and discusses two fundamentally different models 
for estimating the effectiveness of occupant restraints. The first model 
uses reduction in injury severity as a measure of effectiveness, while the 
second model uses reduction in economic cost as a measure. The models 
have been widely used either implicitly or explicitly in past studies. The 
purpose of the discussion is to identify the top-level variables that are 
germane to this analysis, to place them in the context of prior studies, 
and to show how they interact to create applicable costs. 
Only the cost reduction model can be used for cost analyses. The 
injury severity model is presented to provide background and perspective 
for understanding this cost model. 
2.1 Reduction in Injury Severity 
Most studies of the benefits of occupant restraints have used reduction 
in injury severity as a general measure of effectiveness. However, the 
studies differ widely in their specific definitions of this measure. They 
also differ in  their use of accident data in  developing values of the 
measure.  Surprisingly, few studies  make any explicit or rigorous 
statement of their measure of effectiveness a t  all, leaving it to the 
readers to develop their own statement from discussions and presentations 
in a research report. 
The general measure of effectiveness used in such studies is either 
explicitly or implicitly of the form: 
where 
= the probability that an occupant of a vehicle 
will sustain an injury of specified sever i ty ,  
given that the vehicle is involved in a crash 
and the occupant is not wearing a restraint. 
P, = the probability that an occupant of a vehicle 
will sustain an injury of specif ied sever i ty  
given that the vehicle is involved in  a crash 
and the occupant is wearing a restraint. 
Studies vary considerably with respect to the specified severity 
considered. Some are concerned with a discrete level of severity, for 
example, fatal  injuries (U.S. Department of Transportation 1979b; Huelke 
and OIDay 1979). Others deal with a range of severities, for example, all 
"serious" injuries (Huelke et al. 1979; Dalmotas and Key1 1979). 
For equation 2-1 to be a valid measure of the effect of restraint use 
on injury reduction, the two probabilities must be computed from crashes 
that are exactly the same in  every respect, except that for PR the  
occupants wore a restraint and for P-, the occupants did not wear a 
restraint. Otherwise it could not be said that any difference in the two 
probabili t ies was likely to be due to the restraint. Some studies 
(especially earlier ones) have not been careful in controlling for other 
variables that might influence PR and P i .  Other studies do not fully 
describe how such variables were accounted for, so the validity of their 
conclusions about the effects of restraints cannot be assessed. Studies by 
Reinfurt, Silva, and Seila (1976) and by Hochberg (1976) are examples of 
s tudies  tha t  took g rea t  care  i n  a t t empt ing  to account  for such 
confounding effects as age, sex, type of car, damage severity, and others. 
Other measures of restraint effectiveness can be defined, but have 
rarely been used in past studies. For example, Hochberg (1976) suggests 
two possible additional measures: 
the probability that a restrained occupant will be less 
severely injured than an unrestrained occupant, and 
the ratio (restrainedlunrestrained) of the odds of an injury 
severity of less than a given amount to the odds of an 
injury severity of at least as severe as a given value. 
A third measure suggested by Hochberg (and often used in analyzing 
the effects of other factors on traffic crashes) is relat ive risk. This is 
simply the ratio of PR to Pi  as used in equation 2-1. 
2.2 Reduction in Economic Cost of Injury 
This measure of effectiveness has been used in only a few studies, 
most recently by Reinfurt, Silva, and Seila (1976) i n  their analysis of 
towaway crashes. The general expression for this measure is: 
where 
C ,  = cost of injuries when crash-involved occupants 
wear restraints, and 
C-, = cost of injuries when crash-involved occupants 
do not wear restraints. 
The term tlcostv as used here is defined as the expected economic cost 
to a specified sector of a specified level of injury caused by t raf f ic  
crashes during a specified time period. Again, i t  is assumed that the 
crashes involving the restrained occupants are  exactly the same as the 
c rashes  involving the nonrestrained occupants, except for  the use or 
nonuse of the restraints. 
Clearly, then, this measure of effectiveness is dependent upon: 
The level or levels of injury severity of concern. 
The distribution of injury severity level(s) among the target 
population of occupants wearing and not wearing restraints. 
The number of crash-involved occupants wearing restraints 
and the number of crash-involved occupants not wearing 
restraints. 
The time period during which the crashes occur. 
The types and characterist ics of crashes of concern (for 
example, highway environment, types of vehicles, types of 
drivers, direction of impact, etc.). 
The nature of the sectors that bear the costs of concern 
(for example, occupants, occupants' families, employers, 
government agencies). 
The costs to those sectors of an injury of the severity 
level(s) of concern. 
For discrete distributions of injury severity, the relationships between 
these factors can be expressed mathematically as: 
Cry = N J  2 2 Ciik 41 (i) 
i j 
where 
PR(i) = Pr{i IA,?,Rl 
= the conditional probabili ty of an injury of 
severity i to an occupant, given a crash A and 
a se t  of factors  'i7 and that the occupant is 
wearing a restraint. 
= the conditional probabili ty of an injury of 
severity i to an occupant, given a crash A and 
a set of factors ? and that the occupant is not 
wearing a restraint. 
N R = the number of restrained occupants involved in 
crashes with factors i'x in time T 
Nii = the number of unrestrained occupants involved 
in crashes with factors il in time T 
' i i k  = the cost to sector k of the j +  component of 
cost of an injury of severity i incurred i n  a 
crash with factors 2 
E k  = the effectiveness of restraints in  reducing crash 
injury costs to sector k in crashes with factors 
d 
X. 
Note that the vector 'ii contains a subset of factors that describe the 
subject occupants (restrained and unrestrained). 
To calculate E k  (and its primary components CRK and Cil) one needs 
the data specified above. Unfortunately,  these da ta  can only be 
approximated' since no practical experiment can completely control for all 
of the factor s ?. Also, the cost factors C ,  i k  and the number of 
restrained and unrestrained occupants in  crashes must be determined 
empirically from a wide variety of sources, including claims against 
insurance companies, accident reports, etc. 
Thus, any real-world application of this cost model will only yield 
approximate values of the effect of occupant restraints on the economic 
cost of injuries sustained in traffic crashes. Also, the level of detail a t  
which the costs of nonuse can be expressed will depend on the level of 
detail of the data used to calculate values of the independent variables in  
equations 2-4 and 2-5. 
The cost elements C,  i k  are explicitly related to the sector that pays 
the cost. This means that the value of a given cost element depends not 
only on the severity of the injury, but also on the sector that pays a 
given component of the cost of that injury. For example, the value of 
the element C3,, might be defined as the hospitalization cost (j=2) for 
a s e v e r e  injury (i=3) paid by the injured par ty  (k=l). The cost of 
hospitalization for a severe injury paid by, say, an employer (k=2) would 
be denoted in  this case by C 2 2  and could have an entirely different 
value. 
This distinction is critical to this study. It means that, as used here, 
a cost is not invariant but depends on the reference frame within which 
it is measured. It will be seen in Sections 3.0 and 4.0 that a major 
problem with existing cost analyses is that they do not specify this 
reference frame and, indeed, often mix reference frames implicitly within 
the same analysis. This severely limits the usefulness of the cost analysis 
for our purposes, especially when costs measured in different frames are 
added together. 
Equations 2-3, 2-4,  and 2-5 rigorously specify and relate the elements 
of analysis of this report. They are used throughout in  organizing and i n  
presenting the results of this preliminary study. 
2.3 Summary and Conclusions 
Two types of top-level models have been used in past studies of 
occupant restraint effectiveness. The first type defines effectiveness as 
the percentage decrease in an occupant's probability of incurring an injury 
of specified severity in a crash. The second type defines effectiveness 
as the percentage decrease in an occupant's cost of injuries incurred in a 
crash. 
Clearly, the cost-based model is most appropriate for this study. Both 
the effectiveness measure and its components are of in t e re s t .  The 
top-level costs in the model are expressed as functions of an injury 
severity distribution, unit costs of injuries of given severities, and number 
of occupants who wear and who do not wear restraints. The cost model 
and its major submodels are used for organizing the analysis contained in 
the remainder of this report. 
3.0 REVIEW OF THE LITERATURE 
This section contains a short review of the literature germane to  
determining the effect of occupant restraint use on the economic cost of 
injuries incurred in traffic crashes. The primary objective is to identify 
the  published data that are best suited for developing a preliminary 
estimate of the amount and incidence of the costs of nonuse of occupant 
restraints. The term llincidence'l is used by economists to describe the 
distribution of costs among the sectors that pay those costs. Our major 
concern is who bears the  cost burden r a the r  than who pays the 
out-of-pocket expense. A secondary objective is to provide background 
information on issues related to the development of such cost estimates. 
The review describes the relevant studies and briefly considers their 
deficiencies and limitations of their data for use in this study. 
The review is presented in three parts. First, studies similar in 
purpose to this study are examined to see which, if any, of their findings 
are applicable to this study. These so-called f u l l  studies include those 
that have calculated the effects of restraints on the cost of injuries per 
occupant per crash. Also included among these full studies are those that 
a t t e m p t  to es t imate  the  to t a l  cost of nonuse of restraints among 
populations of drivers. 
Next, literature on the critical components needed for calculating the 
costs of nonuse of restraints is discussed. Such components include: 
injury severity distributions as a function of restraint use, 
costs of injuries per occupant per crash as a function of 
restraint use, and 
number of occupants in crashes who use and who do not 
use restraints. 
Finally, the results of our attempts to locate information on the 
incidence of the cost of restraint nonuse are reported. 
3.1 Full Studies 
Full studies of occupant restraint effectiveness based on cost reduction 
require three key types of data: 
cost data on sources of expense for accident victims and 
for society in general, 
incidence of payment of costs for each of the groups 
affected by accident costs, and 
0 restraint use data on injury severity that can be merged 
with the cost data. 
No studies were found that had all three of these types of data, but 
three studies had cost data as a function of injury severity and restraint 
use. These data permit one to calculate effectiveness measures based on 
cost reduction, but do not permit analysis of who bears the burden of 
accident costs. 
The first and most recent of these studies is reported in two different 
references (Snow 1979, and Ontario Ministry of Transportat ion and 
Communication 1978). At the 1979 International Symposium on Seat Belts 
in Tokyo, Japan ,  J. W .  Snow, Min i s t e r  of T r a n s p o r t a t i o n  and  
Com muni cations, Government of Ontario, Canada, noted, without reference 
to a data source: 
The most recent statistics concerning traffic accident victims 
showed that the average cost of active treatment for in-car 
victims wearing seat belts was $228. For those who were not 
wearing seat belts or wearing them improperly, the cost was 
$419-almost double. (Snow 1979, p. 201.) 
Though Snow does not specify his source, it is likely that his data 
come from a study done by the Ontario Ministry of Transportation and 
Communications (1978). 
The OMTC study was designed to determine the economic impact of 
mandatory safety belt laws and reduced speed limit laws implemented on 
1 January 1976 in Ontario Province, Canada. The OMTC established a 
Monitoring System Committee to collect and analyze data for 1975 and 
1976 to provide an accurate record of the effects of these two laws. 
One result of the Monitoring System Committee's work is the data 
summarized in Table 3-1. The average cost figures are for "activen 
treatment costs only, supplied by sixteen Ontario hospitals. Lost wages 
are not included in these estimates, 
The average cost of active treatment for occupants who used seat 
belts in cars when belts were available was calculated as $228  for 1976. 
For occupants in the four categories where occupants did not use seat 
belts (installed or not), or where seat belt use was unknown or not 
reported, Snow's estimate of the average cost was $419. For the two 
categories where nonuse was certain (installed and not used, and not 
ins ta l led) ,  the weighted average cost was $396. (See Table 3-2 for 
numbers of occupants in each seat belt usage category to determine 
weights.) 
Without knowing more about data collection procedures, it is not 
possible to examine the significance of possible systematic errors in the 
unknown and unreported categories. Because the usage rates in Table 3-2 
depend on honest reporting of seat belt use by the victims to police, i t  
can be expected that systematic errors contributing to biased data do 
exist in the known categories. Other studies have shown the existence of 
errors in police-reported data on restraint use (~ochberg 1976). 
Data limitations that lead to systematic errors, a large proportion of 
unknown and unreported cases for restraint usage, and the inclusion of 
only active treatment costs severely limit the reliability and usefulness of 
the effectiveness estimates based on these data. Also, the applicability 
of these Canadian data to crashes in the United States is questionable. 
However, because it is one of only three studies that provide estimates 
based on cost reduction, its results are useful for comparative purposes. 
The estimate of effectiveness for known restraint use implies a forty-two 
per cent cost reduction due to restraint use. The effectiveness estimate 
for unknown, unreported, and unused categories versus the used category 
is f orty-six per cent. 
A second study of restraint effectiveness based on cost data was done 
at the University of North Carolina Highway Safety Research Center 
TABLE 3-1 
OMTC STUDY RESULTS: 
AVERAGE COST OF "ACTIVE" TREATMENT OF TRAFFIC 
CRASH INJURIES WITH AND WITHOUT SEAT BELTS 
Seat  Bel t  Usage 
i n  t h e  Vehicle 
I n s t a l l e d ,  used 
I n s t a l l e d ,  no t  used* 
I n s t a l l e d ,  u se  unknown* 
Not i n s t a l l e d *  
Not reported* 
A l l  c a t ego r i e s  
Average Cost of Active 
Treatment 1976 
( a t  1975 r a t e s )  
*The weighted average of t hese  fou r  ca t egor i e s  i s  $419.00 
Source: Ontario Ministry of Transpor ta t ion  and Communication 1978, p . 5 2 .  
TABLE 3 - 2  
Seat  Bel t  Usage 
Category 
OMTC STUDY: 
NUMBER OF OCCUPANTS IN 
SEAT BELT USAGE CATEGORIES, 1976 VICTIMS 
I n s t a l l e d ,  used 
I n s t a l l e d ,  no t  used 
I n s t a l l e d ,  use  unknown 
Not i n s t a l l e d  
Not repor ted  





Source: Gntar io Ministry of Transpor ta t ion  and Communication 1978, p.50. 
(HSRC) (Reinfurt, Silva, and Seila 1976). In that study, the researchers 
developed estimates of effectiveness that are surprisingly similar to those 
in the  OMTC study,  despi te  different  data sources, different cost 
definitions, and different methods of control for interactive factors. 
Injury da ta  for the  HSRC study are from the Restraint' Systems 
Evaluation Program (RSEP) of the National Highway Tra f f i c  Safe ty  
Administration. The RSEP data combines police, occupant, witness, 
hospital, and vehicle investigation information for victims of accidents 
involving 1973-1975 model year cars that were towed from the scene of 
the accident. The data are from level-two files of accident investigations 
in five geographic areas-western New York state, Michigan, Miami, San 
Antonio, and Los Angeles--but are not necessarily representat ive of 
crashes nationwide. 
Cost e lements  in the  HSRC study include medical expenditures 
(hospital and professional charges), lost  wages, and funeral  costs.  
Approximately six thousand injury claim records from Blue Cross/Blue 
Shield of North Carolina were the basis for medical expenditures. These 
claims were matched with National Center for Health Statistics (NCHS) 
data on number of restricted days due to injury, NCHS tables of life 
expectancy, and inflation-adjust ed U.S. Bureau of Census wage data for 
1970 in order to estimate lost wage costs. Funeral costs are  calculated 
as the difference between the cost of the funeral at the time of death 
and the present discounted value of the cost of the  funeral  a t  t he  
expected age of death if no accident had occurred. 
An important element that contributes to the validity of the HSRC 
study is the use of techniques for the analysis of complex categorical 
data. The purpose is to account for the effect of other, nonrestraint 
factors on injury costs. In effect, these techniques permit the researcher 
to 17controlT1 for complex interactons between variables, for example, 
between age and injury severity or sex and restraint use. Two techniques 
used in the HSRC study were generalized least squares (GENCAT) and 
Mantel-Haenszel (see Reinfurt, Silva, and Seila 1976, pp. 47-52). Only the 
Mantel-Haenszel procedure was used for cost data adjustments. 
HSRC1s average cost estimates for unrestrained, lap-belted, and 
lap-and-shoulder belted occupants are shown in Table 3-3. Effectiveness 
estimates based on Table 3-3 are shown in Table 3-4. These two tables 
show the apparent contradiction that the average cost of injuries for 
lap-and-shoulder belted occupants is greater than the average cost of 
injuries for lap-only belted occupants. The average cost is 19.8% higher 
unadjusted and 5.3% higher adjusted by the  Mantel-Haenszel type  
estimation procedure. This contradiction is explained by data limitations 
listed below. The effectiveness estimates in Table 3-4 suggest about a 
fifty per cent accident cost reduction for occupants who use restraints 
(54.6% for unbelted versus lap-belt-only and 5 2 . 2 %  for unbelted versus 
lap-and-shoulder belted). 
The HSRC study appears sound methodologically. Data insufficiencies 
and sample anomalies contribute the only significant shortcoming of the 
study vis-a-vis our study. These problems can be summarized as follows: 
There are small numbers of injuries in some categories, 
e.g., only four fatalities in the lap-belted group, which 
makes statistical inference difficult and creates biases in 
estimates; 
The sample is limited to 1973-1975 model year cars; 
Because the sample contains only victims of acc idents  
where at  least one car was towed from the scene, the 
study may overestimate effectiveness due to underreporting 
of minor accidents and has sample definition problems due 
to inability to control perfectly for the sample-inclusion 
threshold; 
Special definition of the AIS scale peculiar to this study 
limits comparison with other studies (all fatali t ies a r e  
assigned AIS = 6, regardless of injury severity); 
No analysis of the incidence of costs means the  study 
ignores an important  dimension of the accident cost 
problen; 
Missing cost data, e.g., incidental and subjective elements, 
probably reduce the effectiveness estimate because these 
elements are most significant for severe and fatal injuries; 
and 
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Source: Reinfurt, Silva, and Seila 1976, vol. 1, p.89. 
TABLE 3-4 
HSRC STUDY: EFFECTIVENESS ESTIMATES 
BASED ON COSTS FOR OCCUP.4NT RESTRAINT USE 
Category Unadjusted Mantel-Haenszel 
Unrestrained vs. lap belt 65.8% 54.6% 
Unrestrained vs. 
lap and shoulder 
Lap belt vs. lap 
and shoulder 
Note: Parentheses denote negative effect. 
Source: Reinfurt, Silva, and Seila 1976, vol. 1, p.89. 
The HSRC researchers were severely limited by data unavailability. 
The other limitations noted above create uncer ta in t ies  about the i r  
effectiveness estimate, although the net effect of all the limitations is 
not clear. The magnitude of overestimation and underestimation cannot 
be determined without further research. 
Another ltfulln study with a reasonably sound approach also suffers 
from data limitations. The study was performed by the John Z. DeLorean 
Corporation (1975) for the Allstate Insurance Company. The study was a 
benef i t /cos t  analysis of four restraint systems: the lap belt, the 
three-point lap-shoulder system, and air bags with and without the use of 
lap belts.  The study used a computer model to estimate accident 
characteristics and calculated societal cost using the results of the  
computer model. 
The computer model enabled the researchers to control for the mix of 
automobile types in operation--an important factor related to injury 
severity, but one that has not been examined in other studies. Inputs for 
the model were automobile sales projections; projected vehicle scrappage 
rates; injury rates as a function of vehicle class, occupant seat position, 
accident mode, and impact velocity; injury severity by accident mode and 
velocity; restraint system effectiveness; historical and projected restraint 
usage rates; restraint system costs; and consumer retail prices. 
The societal cost calculation was based on cost definitions originally 
developed in a Department of Transportation study (U.S. Department of 
Transportation 1972). Cost e lements  included were hospital and 
professional charges, lost income from employment and lost value of home 
production, employer losses, funeral  costs,  legal fees ,  insurance 
administration costs, pain and suffering, and a category for losses to 
others. These costs were combined with accident characteristics and 
effectiveness estimates to derive a quantitative estimate of the potential 
societal benefit of the four restraint systems. 
The DeLorean study reports lifetime benefits of the restraint system 
studied based on assumptions of restraint effectiveness and usage. These 
results  able 3-51 show potential savings for all of the restraint systems 
TABLE 3-5 
DELOREAN STUDY: 
LIFETIME SOCIETAL BENEFITS OF RESTRAINT SYSTEMS--1978 
Discounted System Net Benefi t /  
Res t r a in t  System Benefi t  Cost Benefi t  Cost Rat io 
Lap/Shoulder 
(Low usage) ** $2,170 $1,030 $1,140 2.1 
Lap/Shoulder 
(High usage) ** 4,290 1,030 3,260 4.1 
A i r  Bag 8,860 2,000 6,860 4.4 
Air Bag E Lap 
Bel t  (20% use)  9,220 2,380 6,830 3.9 
A i r  Bag 6 Lap Bel t  
f o r  Driver  and 
Lap/Shoulder f o r  
Right Front Passenger 6,970 
*5% discount  r a t e  
**Low usage = 6% lap  and 20% lap/shoulder  usage 
High usage = 1 2 %  l a p  and 40% lap/shoulder  usage 
Source: DeLorean 1975, p .  49. 
studied with the greatest potential benefit for the air bag supplemented 
by the lap belt. The highest benefitlcost ratio is for the air-bag-only 
system, 
The use of potential benefits as a measure of the effectiveness of 
restraint systems differs from most studies that use per centage reduction 
of injury severity or cost as a measure of effectiveness. However, the 
potential benefits in the DeLorean study were derived from assumptions 
made about restraint effectiveness in reducing injuries. The assumptions 
were based on data developed in other studies, mainly those done by 
General Motors and Ford. 
Unfortunately, these data do not adequately account for the effects of 
other, nonrestraint factors on ef fec t iveness .  This methodological 
def iciency seriously limits the value of the DeLorean study for our 
purposes. Also, the rationale behind many of the key assumptions is not 
. fully described, so the validity of the assumptions cannot be assessed. 
These shortcomings significantly reduce the usefulness of the study for 
estimating the uglobalfl economic cost of not using occupant restraints. 
Nevertheless, the study is of interest because of its general approach, 
which could possibly be applied in future studies. 
3.2 Component Studies 
This subsection discusses studies that have examined the components 
that are needed for calculating the cost of not using occupant restraints. 
Injury severity distributions that include details on restraint use have 
received the most attention in the literature and are discussed first. A 
discussion of the few applicable studies of the cost of injuries follows. 
Costs as a function of injury sever i ty  a r e  presented along with a 
discussion of the individual elements of costs that were used in the cost 
functions. This subsection closes with a brief discussion of f a c t o r s  
identified in the literature as affecting restraint use, and a summary of 
studies that have estimated use. 
3.2.1 Injury Severity Distributions. Many injury severity scales have 
been developed to aid in the analysis of all kinds of accidents. Two of 
these scales are in common use in highway safety studies: the police 
scale (KABCO) and the Abbreviated Injury Scale (AIS). Of these two, the 
AIS has been used most often recently by researchers and medical 
personnel, while the KABCO tends to be used more often by nonmedical 
personnel, primarily poli ce. 
The AIS was originally developed in 1969 by representatives from the 
American Medical Association, Society of Automotive Engineers, and the 
American Association for Automotive Medicine. Eight levels of severity 
are contained in the 1980 revision of the AIS (American Association for 




Severe (not lif e-threatening) 
Serious (life-threatening, survival probable) 
Critical (survival uncertain) 
Maximum (currently untreatable) 
Unknown 
Other scales have been developed and appear to be better in some 
respects for classifying injury severity (cf., Baker et al. 1974; Reinfurt et 
al. 1978; Kirkpatrick and Youmans 1971; Krischer 1976; and Gibson 1976), 
yet the AIS persists as the most common classification scheme for motor 
vehicle accident victims. Reasons why  the AIS continues to be used 
appear to be: 
0 long history of use has made it well known to many 
researchers and accident investigators; 
reasonably standardized appli cation based on widespread, 
consistent docum entation; 
easier to use in practice than more detailed scales; 
more reliable than the police scale; and 
the desire for results to be comparable to studies done in 
the past. 
Recently, HSRC researchers have tried to construct and validate an 
injury scale based on the cost of trauma (Reinfurt et al. 1978). The scale 
is based on North Carolina Workman's Compensation files and on claim 
records from Blue Cross/Blue Shield of North Carolina. While this effort 
would remove the need to match injury severity data from traditional 
scales with cost data from these sources, the new scale has not been 
used enough to judge its validity or practicality. 
Past and ongoing studies have found a large number of variables that 
are related to injury severity. Some of the most important and most 
commonly available in studies we examined are listed in Table 3-6. The 
variables most important  to control for in such studies are in the 
occupant characteristics category and include age,  weight,  sea t ing  
position, occupant role, restraint system use, and entraprnent/ejection 
variables. Al l  of these variables will affect t he  economic cost of 
injuries, and so data on them should be included in a study of such costs. 
We emphasize that the relationships between these factors are  very 
poorly known. Further, low correlations have been found between some 
of these factors (especially such physical descriptions as energy/mass and 
force/mass). Thus, there is a good chance that AIS is influenced by 
factors that we do not know about and are not included in the table. 
Because of the large number of variables that affect injury severity, it 
is important to use techniques of data analysis that allow one to llcontrolu 
for complex interactions among variables. Very few of the studies have 
accounted for such interactions in their analysis. Two exceptions are 
studies done at HSRC: Hochberg (1976) and Reinfurt, Silva, and Seila 
(1976). Both discuss the statistical inference made possible by categorical 
data analysis, limitations placed on various approaches by sample sizes 
and sample definition, and some applications of specific techniques. 
Because most studies have not controlled for interactive factors, their 
results are not comparable, and it is not known whether restraints or 
other factors caused observed differences in injury severity. The most 
important factor making comparison difficult is differences in sample 
definit ion. These differences cause samples to  exhibit different 
compositions with respect to almost all of the accident, vehicle, and 
occupant characteristics outlined in Table 3-6. 
Table 3-7 presents a brief overview of studies done since 1975 that 
have contained injury severity distributions and estimates of restraint 
effectiveness. All of the studies in Table 3-7 a r e  based on injury 
severity data, but all do not present data in its disaggregated form to 
permit comparison across studies. Table 3-8 presents cumulative injury 
dis t r ibut ions for eight of the studies. The distributions are for all 
occupants reported in each sample, with and without restraints. The 
percent of each sample who were injured (AIS - > 1) varies greatly, from 
29.2% for NCSS (which was concerned with towaway crashes of passenger 
cars) to 94.2% for the Garrett study (which examined frontal impacts 
only). The percent  of f a t a l i t i e s  varies from a low of 0.1% for 
HUKPerband to 1.9% for the Garrett study. 
The injury distributions clearly show that occupant restraints have been 
much more effective in reducing serious and fatal  injuries than minor 
injuries. Thus, restraint effectiveness estimates will be severely affected 
by these  obvious sample differences if no control is made for the 
interaction. Summary studies of occupant safety literature have indeed 
shown large differences in restraint effectiveness estimates (Griffin 1973; 
Huelke and OIDay 1979; and Mela 1974). 
Campbell and Reinfurt (1979) found that sample differences do account 
for a significant part of the differences in restraint effectiveness found in 
the literature. They suggest a method to reconcile different effectiveness 
estimates based on standardizing injury categories. Because the injury 
scale is broken into discrete categories, sampling techniques, reporting 
thresholds, occupants included, and other definitional factors cause wide 
variations in the proportion of injured in any single category. If one 
assumes the difference in proportions is due to different samples and not 
different populations (not a good assumption when the data are localized 
regionally),  correct ions can be made tha t  remove most  of t h e  
inconsist en cies of the estimates. The Campbell and Reinfurt study 
contains the best evidence that restraint effectiveness increases with 
injury severity (see Figure 3-11, 
FIGURE 3-1 
RESTRAINT EFFECTIVENESS AS A 
FUNCTION OF INJURY SCALE DIVISION 
4/ ' 1 I 1 I 1 I I X 
30 40 50 60 70 80 90 1W 
INJURY SEVERITY 
Source: Campbell and Reinfurt  1979, p .5.  
Note: The equat ion y = 2.177eS 03" i s  t h e  weighted l e a s t  squares  ca t egor i ca l  
regress ion  equat ion f i t  t o  a c ross -sec t ion  of e f f ec t iveness  es t imates ,  
y ,  x is  t h e  poin t  on t h e  cumulative percentage s c a l e  where t h e  i n j u r y  
reduct ion  is  examined. Dashed l i n e s  show t h e  20% confidence i n t e r v a l .  
Accident 
C h a r a c t e r i s t i c s  
Hour of day 
Day of week 
TABLE 3-6 
VARIABLES RELATED TO INJURY SEVERITY 
Vehicle Occupant 
C h a r a c t e r i s t i c s  C h a r a c t e r i s t i c s  
Model year  Number of occupants 
Model type Age 
Light condi t ions  Object contacted S ex 
Rural/urban Direc t ion  of f o r c e  Weight 
Roadway type Del ta-V Height 
Speed l i m i t  F i r e  occurrence Res t r a in t  system use  
Road su r f ace  condi t ion  Vehicle weight Occupant r o l e  
Number of veh ic l e s  involved Type of impact Sea t ing  p o s i t i o n  
Accident type  Entrapment/ej e c t i o n  
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3.2.2 Unit Cost of Injuries. To estimate the cost of a given injury 
one must build up the costs from their components. This subsection 
discusses alternative definitions of cost components that appear in the 
literature and identifies problems in using these definitions in  this study. 
Four studies that have developed cost components as a function of injury 
are then discussed and compared. 
3.2.2.1 Components of Accident Cost. Sherwin and Jackson (1978) 
have divided accident cost into five groups: 
property damage; 
a loss of productive output due to fatality or injury; 
medical and hospital costs; 
incidental costs for items such as provision of emergency 
services; administration of insurance claims; legal, court, 
and coroner's costs; loss of use of vehicles, etc.; and 
subjective, nonquantifiable elements such as grief, pain, 
suffering, et c. 
Past  cost s tudies  have variously used some subset of these cost 
components (Joksch 1975; Faigin 1976; Reinfurt, Silva, and Seila 1976; 
Ontario Ministry of Transportation and Communication 1978; Wohl 1969; 
Marsh, Kaplan, and Kornfield 1977; DeLorean 1975; and National Safety 
Council 1979). 
While property damage is a significant component in accident costs, 
one would not expect it to vary significantly with occupant restraint use. 
Only if drivers change behavior when using restraints compared to not 
using restraints and somehow become more or less  cautious would 
property damage be correlated with restraint use. This would appear to 
be a higher order effect that would not be of concern in our study. 
Two controversies surround the second component of accident cost: 
the appropriateness of placing a dollar value on human 
life; and 
e the lack of a single, most-preferred method to estimate 
the dollar value of human life. 
Placing a dollar value on human life could imply that expenditures 
above that amount are not justified in order to save a life. Though such 
an implication is seldom explicitly stated, nor necessarily a conclusion of 
placing an economic, as opposed to social, value on human life, it may 
lead to misunderstandings about the outcome of costlbenefit s tudies  
(Hapgood 1979). ' 
The two most common approaches are the "human capitalv approach 
and the "willingness to payw approach. 
The human capital approach has been used most often in past studies 
(Faigin 1976; DeLorean 1975; Reinfurt, Silva, and Seila 1976; Marsh, 
Kaplan, and Kornfield 1977). It is based on lost potential earnings and is 
calculated using wage and life expectancy data, discounted for tim e 
preference, Wage and life expectancy data are available in abundance. 
Discount rates are arbitrarily determined, but can give a range by choice 
of several reasonable alternatives, 
A drawback of the human capital approach is a net negative potential 
income for some individuals, for example, young children and retirees. 
Depending on assumptions made about the timing of labor market entry 
and exit, and the level of "maintenance and upkeep costs,'l the present 
discounted value of fu ture  income can be less than consumption 
expenditures necessary to maintain t h e  human capi tal .  For most 
individuals, potential future income peaks in the years between 25 and 35. 
This out come again makes an uncomfortable implication--society should be 
willing to pay more to reduce the risk of individuals in the 25 to 35 year 
age groups than for children or for retirees. 
The "willingness to pay" approach is more firmly founded on economic 
theory (see Linnerooth 1979), but is more difficult to use. This approach 
requires  wage and risk da ta  for a cross-section of occupations. 
Presumably, a worker must be compensated with a higher wage for taking 
a riskier job. Estimating this compensating differential provides the basis 
for placing a value on human life. 
Because there is no reason to expect the two approaches to provide 
the same estimate, the choice of one or the other will influence the 
values of the costs. In the case of motor vehicle crashes, the immediate 
choice must be made on the basis of data availability. 
The theoretical basis of the willingness to pay approach makes it more 
a p p e a l i n g .  I m p l i c a t i o n s  of t h e  human c a p i t a l  approach a r e  
counterintuitive and clearly not consistent with behavior in our culture. 
Yet the lack of appropriate wage and risk data for drivers makes the 
human capital approach the choice by default. 
The elements grouped in medical and hospital costs include professional 
charges of doctors, nurses, therapists, etc.; hospital, nursing home, and 
other institutional charges for inpatient care; charges of outpatient care 
facilities during convalescence; and other costs incurred for medicine, 
prosthetic devices, etc. While these elements are diverse and come from 
many sources, they create few problems compared to other cost elements. 
Insurance companies collect large amounts of data for claims on various 
medical and life insurance policies. These data often contain enough 
treatment information to permit matching with existing accident data 
files for such variables as injury type, injured body area, and injury 
severity (All-Industry Research Advisory Committee 1979). 
Small amounts from many sources makes the fourth cost component, 
incidental costs, very difficult to handle (Faigin 1976, DeLorean 1975). 
The combined amount of a l l  incidental  costs has been re la t ive ly  
insignif i cant in past studies, but because each individual element is 
relatively small and very difficult to estimate, estimation and allocation 
of these costs on a per-crash basis is one of the weakest parts of many 
cost studies. One result, which is clearly not satisfactory, is that many 
studies have not included elements of incidental costs (Ontario Ministry of 
Transportation and Communication 1976; Reinfurt, Silva, and Seila 1976). 
Even though the expected value of incidental costs is relatively small for 
all crashes, incidental costs constitute a significant portion of total costs 
for the most severe accidents. 
The last cost component, subjective elements, does not seem to be 
quantifiable. If the willingness-to-pay approach could be used, some 
subjective elements would appear in the valuation of life. Risk avoidance 
is surely in part motivated by a desire to eliminate pain, grief, and 
suffering from our lives, Yet it is unclear how well individuals can place 
a value on the pain and suffering accompanying accidental injury without 
having had the experience. 
Rather  than a t t empt  to quantify subjective cost elements, many 
costlbenefit analysts have opted for a "contingency calculationff approach 
(Mishan 1971b; Sherwin and Jackson 1978). After calculating the costs and 
benefits of a proposed project, the costlbenefit analyst calculates the 
critical value that would have to be placed on subjective costs or benefits 
in order to just offset the dollar value of items on the other side. This 
critical value is the "contingency calculation," and it enables policymakers 
to weigh all the merits of a proposed project. 
A simple example will help illustrate this approach. Assume that a 
state legislature is considering a law designed to save lives and reduce 
injury and that analysts have estimated that project costs exceed project 
benefits by $ 2  million. If there are no subjective costs of the law, a 
contingency calculation can be made to account for potential reduction of 
pain and suffering on the benefit side. If the law were expected to save 
1,000 lives and reduce serious injuries for another 9,000 individuals, the 
contingency calculation could be expressed as $2,000 per life saved or 
$200 per individual affected. The legislator would then have to decide 
whether such a cost for pain and suffering were reasonable. 
In practice, if subjective elements appear on both sides as benefits and 
costs, this approach is limited, With regard to proposals to increase the 
use of occupant restraints, most analyses can be structured not to include 
subjective cost components. 
Because of problems such as those outlined above for accident cost 
components, many criticisms have been directed at the use of costlbenefit 
analysis for selecting highway safety measures. The concensus seems to 
be that cost/benefit analysis provides valuable insights to decisionmakers, 
but that it is not wise to base decisions solely on the results of the 
analyses ( see  Joksch 1975, p.  151). As in t h e  e x a m p l e  a b o v e ,  
decisionmakers need to know what subjective elements are important, how 
they are incorporated in the analysis, how much uncertainty is involved in 
the estimates, and from what point of view the analysis is done. In 
short, decision-makers should be well schooled in the shortcomings of 
costlbenefit  analysis and must thoroughly understand the analysis to 
determine its sensitivity to various assumptions. 
3.2.2.2 Studies of Traffic Crash Cost and Injury Severity. Four 
studies that have published distributions of crash costs as a function of 
injury severity are examined in this subsection. Other studies have 
estimated the amount of such costs, but either have not published an 
injury severity scale, have used only part of the severity scale, or are 
outdated and of limited use here (see Lawson 1978; Marsh, Kaplan, and 
Kornfield 1977; Heaton 1971; Joksch 1975; Wohl 1969; Sherwin and Jackson 
1978; U.S. Department of Transportation 197 0 ;  U.S. Department  of 
Transportation 1972; Morris and Paul 1968; and Wuerdemann and Joksch 
1973). 
Three of the studies were discussed in Section 3.1 as ufulllT studies of 
the cost of not using restraints. In this section, only the cost elements 
and distributions of those studies are reviewed. 
The study done by the  Ontario Ministry of Transportat ion and 
Communication (1977) contains an estimate of only the medical and 
hospital care component for accident injury victims treated in sixteen 
hospitals in Ontario Province, Canada. Elements of cost included were 
outpatient emergency treatment, inpatient acute hospital  care ,  and 
medical and therapy treatment. Only accident victims treated at one of 
the sixteen hospitals were included; victims who were treated in doctors' 
offices were excluded from the study. The period of treatment was 
assumed to be the time of inpatient or outpatient care plus one month 
after hospital discharge or release from emergency treatment. Data 
collection was done for 1975 and 1976, the  years before and a f t e r  
introduction of compulsory seat belt legislation and the reduced speed 
limit law. 
The next step up from the OMTC study is the HSRC study (Reinfurt, 
Silva, and Seila 1976), which included hospital costs and professional fees, 
lost wages, and funeral expense. 
Hospital costs and professional fees for each injured victim in the 
study were estimated based on nearly 600 ,000  claims records from Blue 
Cross/Blue Shield of North Carolina. Individual estimates were affected 
by degree of injury, type of treatment, place of treatment, length of 
hospital stay, age, and sex for each victim. 
Lost wages were calculated using U.S. Bureau of the Census wage data 
for North Carolina from the 1970 Census (updated to 1974 dollars) and 
National Center for Health Statistics life expectancy tables. For nonfatal 
cases, lost wages were calculated as the product of the mean daily wage 
and the number of days of disability or restricted activity or both for 
each age, sex, and injury class. For fatalities, lost wages were computed 
as the sum of discounted yearly wages for the expected number of years 
of life remaining, adjusted for each victim's age and sex. 
Funeral costs were also included for fatalities, Because death is 
certain, funeral costs were calculated as the difference between $2,000 
(the cost of a funeral in 1974) and the present discounted value of the 
funeral at the expected age of death if no accident had occurred. The 
discount rate used was ten percent. 
The DeLorean study was commissioned by the Allstate Insurance 
Company to analyze the impact of proposed standard FMVSS 208, which 
required that cars sold in the U.S. be equipped with front seat passive 
restraint systems. Cost elements from all five cost components discussed 
in subsection 3.2.2.1 were included. An attempt was also made to place a 
dollar value on subjective cost elements-pain and suffering. 
Different procedures were used for estimating the costs of fatal and 
nonfatal injuries in the DeLorean study. For nonfatal injuries (AIS 1-5), 
costs were calculated for hospital and physician charges, lost earnings, 
rehabilitation, insurance, and legal factors. Cost estimates for all but 
insurance and legal factors were based on data from the Commission on 
Professional and Hospital Activities (CPHA), Ann Arbor, Michigan. Injury 
frequency data  were obtained from HSRI accident data files. The 
procedure used to calculate the cost for each injury level was complex 
and required bits and pieces of data from a large number of sources that 
were not necessarily compatible, Insurance and legal costs were obtained 
from the 1972 U.S. Department of Transportation study and updated for 
inflation. 
For fatalities, cost elements included in the DeLorean study were 
hospital, medical, lost earnings, suffering, hom e and family dut ies ,  
employer losses for retraining, losses to others, funeral, legal, and 
insurance administration. Except for the lost earnings component, these 
costs were also obtained by updating data from the 1972 U.S. Department 
of Transportation study. Again, computation of individual e lements  
requires data from a large number of disparate sources. The usual human 
capital approach was used to calculate lost earnings. 
The Faigin study (1976) used basically the  same cost analysis 
methodology as the DeLorean estimates. Faigin adapted the 1972 U.S. 
DOT study to include some elements DeLorean did not and excluded pain 
and suffering from her calculations. Elements included in the Faigin 
study were lost income from both market and nonmarket production; 
medical care costs for hospital, physician, coroner-medical examiner, and 
rehabilitation; funeral; legal and court; insurance administration; accident 
investigation; losses to others; vehicle damage; and traffic delay. As with 
DeLorean, the estimation procedures require data from a large number of 
sources (see the Faigin report for a detailed description). 
The procedure used for estimating legal and court costs (a relatively 
minor component of total costs) illustrates the large number of data 
sources required. The procedure required three references to DOT 
studies, four to NHTSA studies, four to Accident Facts of the National 
Safety Council, six to a study by Wuerdemann and Joksch (1973), three to 
Census data, and one to Bureau of Labor Statistics data. 
Elements included in the OMTC, HSRC, DeLorean, and Faigin studies 
are summarized in Table 3-9 for comparison purposes. Faigints study 
includes the most elements, but because elements included are not well 
defined and require many data sources to estimate, the validity of the 
results is unknown. Biases certainly exist, but the net effect cannot be 
determined without extensive study. 
The same is true of the DeLorean study. An additional caveat is the 
use of the quantification of pain and suffering costs from the 1972 U.S. 
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DOT study. 
The HSRC components a r e  much more concre te  than those of 
DeLorean or Faigin. HSRC's use of a large insurance claims file appears 
to be a positive feature, but several questions about those data and their 
use need to be explored. 
Table 3-10 presents the cost distributions from all four studies. The 
table shows that there are large differences between the costs calculated 
by HSRC and those calculated by DeLorean and Faigin. A l l  of the 
figures were updated to May 1979 dollars by applying the consumer price 
index (U.S. Bureau of the Census 1979, p.483). 
The extra elements included in DeLorean and Faigin are  not large 
enough to account for all of the differences. Methodology and sample 
characteristics are not reported in sufficient detail to permit examination 
of the source of the differences. 
A second result of the HSRC study that is inconsistent with the other 
studies is the extremely large jump in cost between levels 5 and 6 of the 
AIS scale. Again, the reasons for this apparent anomaly are not readily 
determinable from the HSRC report. 
Another interesting question about the HSRC figures is the extent of 
reporting bias in the insurance claims da ta  and i t s  e f f e c t  on the  
magnitude of costs at  various AIS levels. The effect of deductible 
amounts on health care insurance, the extent of health care coverage, 
per cent of the population covered, and many other things will bias cost 
estimates. More research is needed to determine the magnitude of these 
biases. 
The OMTC study is by far the simplest, yet is of the least value to 
our study because of the la rge  number of missing cost e lements ,  
particularly lost earnings. Note that this study does not include costs of 
treatment rendered a t  doctor's offices. One would expect the persons 
who r e c e i v e d  such  t r ea tmen t  to  be less severely injured than 
hospital-treated victims. Thus, the average cost of injury at  lower levels 
of injury could be overestimated. Both the OMTC and HSRC studies are 
regionally specific and cannot be generalized to crashes nationwide. 
TABLE 3-10 
AVERAGE COST OF INJURY BY INJURY LEVEL I N  FOUR COST STUDIES 
MAY 1979 DOLLARS 
AIS 
Level OMTC - HSRC - DeLorean Faigin 
Note: Dollar  f i g u r e s  c i t e d  i n  t he  s t u d i e s  a r e  updated t o  May 1979 
d o l l a r s  by t h e  consumer p r i c e  index (CPI) (U.S. Bureau of t h e  
Census 1979, p.483).  
The CPI f o r  a l l  i tems was used f o r  OMTC, HSRC, and DeLorean. 
The CPI by budget category was used f o r  Faigin where ind iv idua l  
elements a r e  presented.  
3.2.3 Occupant Restraint Use. The total cost of injuries due to the 
nonuse of occupant restraints is clearly a function of the number of 
occupants who use restraints and the number who do not use restraints. 
In the llmodelll outlined in section 2.2 of this report, these two numbers 
appeared explicitly as a ratio. 
A number of studies of the use rates of various types of restraints 
have been conducted over the past several years (Robertson, OINeill, and 
Wixon 1972; Robertson and Haddon 1974; Cooke 1976b; Robertson 1976; 
Aiken 1976; and Nilsson 1976). The studies indicate use rates of available 
r e s t r a in t s  of from less than twenty percent to as high as sixty-five 
percent in the United States, depending on the type of car, type of 
restraint, occupant seating location, time period (use rates were highest 
about six months after the interlock system), and many other factors. 
Use estimates, circa 1976, were in the twenty-five to thirty-five percent 
range for lap belts or lap-and-shoulder belts. 
Later studies indicate restraint use has decreased. In the most recent 
of these, Partyka (1979) compared estimates of restraint use from the 
NCSS file for the accident-involved population and from a study by the 
Opinion Research Corporation (1978) for the  nonaccident-involved 
population. An update of the ORC study shows a further decline in usage 
for 1979 (Opinion Research Corporation, p.3). The NCSS file has data 
collected on occupants of cars involved in accidents where at least one 
vehicle was towed from the scene. The ORC study was based on data 
collected by stopping and interviewing drivers at intersections in nineteen 
cities. 
From comparing the  two studies and data collection procedures 
employed in them, Partyka found: 
. . . that if a similar portion of the NCSS file is considered 
(drivers of 1964 through 1978 model year passenger cars in 
urban areas) and is then adjusted to the distributions of model 
years observed by ORC, the estimate of usage for NCSS is 
13.8 percent  versus 14.1 percent for ORC. This does not 
support the widely-held view t h a t  t he  accident-involved 
population differs  significantly from the overall driving 
population in their rates of seat belt usage. (Partyka 1979, p. 
2 . )  
Adjusted NCSS and ORC estimates of restraint usage are given in 
Table 3-11. 
One researcher  has a t tempted  to develop a predictive model of 
restraint use. In an economic study of the safety behavior of drivers, 
Blomquist (197 7 )  developed an econometric model based on probit analysis 
to predict seat belt use on the basis of factors in three broad areas: 
Factors affecting seat belt productivity: speed of travel, 
type of roadway, age, sex, car size, etc.; 
Factors affecting the cost and disutility of seat belt use: 
convenience of the r e s t r a in t  sys tem,  length of t r ip ,  
frequency of stops, time cost for the individual, etc.; and 
Factors affecting the subjective value of life and good 
health: education, wealth, potential future earnings, family 
status, etc. 
His model permits fairly accurate prediction of seat belt use for drivers 
in the general population. His estimate of overall restraint use by drivers 
is about twenty percent, which is close to the figure arrived at in the 
Partyka and ORC studies. Partyka's finding of high rates of use for 
certain groups (e.g., females, older people, occupants of smaller cars in 
urban crashes, occupants of newer cars, and occupants who received minor 
injuries in crashes) is also roughly consistent with Blomquistls findings. 
3.3  Incidence of Traffic Crash Injury Costs 
As noted at  the beginning of this section, the distribution of costs 
among the various sectors that pay those costs is called the incidence of 
costs by economists. For our study the incidence-of-cost problem is to 
determine who bears the cost burden as opposed to  who pays the 
ou t -o f -pocke t  expense. For example,  insurance companies pay 
compensation for damage and injury, but the cos ts  a r e  borne by 
individuals who pay the premiums. The insurance company in this case is 
merely a mechanism that "passes on1' the cost of accidents to those who 
actually bear it. 
As defined by Wohl: 
TABLE 3-11 
A 1 1  r e s t r a i n t s  




ORC AND ADJUSTED NCSS DATA 
NCSS Adjusted - ORC 
13.8% 14.1% 
Source: Partyka 1979, p .  8 .  
. . . t h e  t r a f f i c  s a f e t y  problem is to determine ( a )  the 
aggregate levels of benefit and cost a s soc i a t ed  with t h e  
adopt ion  of one s a f e t y  measure or another, (b) who will 
benefit and how much, and (c)  who will pay and how much. 
It is simply not good enough to say that ltsociety as a whole 
will benefit," or that  "safety will improve," if we adopt a 
certain safety measure. (Wohl 1969, p. 77.) 
The later two elements in Wohl's definition of the traff ic safety problem 
are  concerned with the incidence of the costs and benefits of safety 
programs. Despite the caution against using society's viewpoint as the 
basis for benefit-cost studies, most studies seem to have taken just that 
viewpoint by estimating to ta l  societal  cost (Faigin 1976; Cooke 1976a; 
Dawson 1976; Heaton 1971; Japan Research Center for Transport Policy 
1978) or some part  of societal cost (Lawson 1978; Ontario Ministry of 
Transportation and Communication 1977; Reinfurt, Silva, and Seila 1976). 
In addition to Wohl, other researchers have emphasized the need to  
ca re fu l ly  examine the questions of who pays and who benefits. The 
Transportation Research Board (1980) has recognized the need for more 
at tention to incidence of crash cost questions in order to increase seat 
belt use and recommended: 
The economic  c o s t s  of not  using safe ty  belts should be 
identified and publicized among the groups that  mainly bear 
those costs: The federal  government should conduct studies 
that would specify the costs of nonuse of safety belts; such 
studies should begin within units of federal agencies, and their 
results should be used to educate the public on how personal 
economic interests  would be served by increasing the rate of 
safety belt use. (Transportation Research Board 1980, p.3.) 
Others have also stressed the importance of incidence of injury cost 
analyses without conducting empirical research (Joksch 197 5 ;  Sherwin and 
Jackson 1978). 
Empirical studies that have estimated part or all of societal cost have 
not estimated the incidence of payment for those costs between various 
s e c t o r s  of the  economy. A more fundamental problem is that  the 
aggregate societal cost figures ignore efficiency and market value changes 
that  occur when resources are transferred between economic sectors. In 
estimating the economic cost to society of motor vehicle occupants not 
using restraints, one must be careful to net out efficiency and market 
value changes that would occur if resources devoted to care of injured 
victims, payment of lost wages, etc., were shifted to alternative uses 
through injury avoidance by restraint use. Reducing accident injury will 
transfer income from some sectors, notably the medical and insurance 
industries, to others where the dollar value (as measured by markets) of 
those resources may decrease, specifically, home production and leisure 
activities. Paradoxically, it is possible that societal economic welfare as 
measured in dollars by gross national product would decrease if injury 
attributable to the nonuse of occupant restraints decreased. This would 
lead to the conclusion that "society" is better off "in dollar termsv1 with 
accident injuries and deaths than without. 
A similar problem occurs when one looks at  the cost of traffic crash 
injury from an employer's viewpoint. Some or all of cost increases for a 
business are "passed on1' to consumers of the product or service sold by 
the business. Likewise governmental units can pass on some of the cost 
to taxpayers, employers, or users of that unit's services. The incidence 
of injury cost question is exactly like questions associated with the net 
impact of public policies such as tariffs, taxation, industry regulation, 
price controls, and many others. To develop a methodology to determine 
the actual cost borne by individual sectors, net of amounts passed on and 
with correct ions for efficiency changes, would solve problems that welfare 
and industrial organization economists deal with very frequently. 
Empirical studies that seem to have estimated the incidence of injury 
costs from the individual victim's viewpoint have limited use in this study. 
They are  e i ther  outdated (Conard et al. 1964; U.S. Department of 
Transportation 19701, do not have variables needed to estimate the cost of 
nonuse of occupant restraints or to match up with existing accident data 
bases that contain restraint and injury information (All-Industry Research 
Advisory Committee 1979), or like the societal cost studies, do not 
analyze the source and extent of payment for accident injury by sector 
(Callaway and Drucker 1979; Marsh, Kaplan, and Kornfield 1977). 
Studies done before the implementation of "no-fault1' auto insurance 
laws, beginning in the U.S. with Massachusetts on 1 January 1971, are 
outdated because of the impact of no-fault systems on payment for injury 
costs. The All-Industr y Research Advisory Committee's (AIRAC) analysis 
(Table 3-12) shows the effect of no-fault insurance on the incidence of 
injury costs for states classified as relying on "no-fault,17 Ifadd-on," or tort 
liability insurance systems. For no-fault states a g rea te r  share of 
reparations for injury costs are paid by auto insurance sources than in 
tort liability states: 75.5% compared to 63.5%. In no-fault states, the 
burden is shifted from government and health insurance sources to auto 
insurance sources relative to tort liability states. 
Table 3-13 lists states classed as "r~o-fault'~ and ftadd-on'f in the AIRAC 
study. flNo-faultn states are those where each fldriver/owner accepts 
f inancial  responsibiltiy for some or all losses sustained by himself, 
pedestrians hit by him and occupants of his own vehicle in return for 
which he enjoys immunity from liability for losses to third party personsrl; 
fladd-onl' states are Ifthose states with legislation adding no-fault coverage 
to  to r t  l iabili ty law, with no restriction on tort liability"; and tort 
liability states are those where the insured person is legally liable "for 
acts of negligence resulting in injury to third parties," wherein the insured 
commits "an infringement ( tor t )  on the civil rights of the individuals 
injured" (All-Industry Research Advisory Committee 1979, volume I, p.9). 
The states with complete or partial reliance on a no-fault au to  
insurance system have major differences in their systems which involve: 
. . . dollar limits on medical and hospital expenses (unlimited 
in some states),  funeral and burial expenses, lost income and 
the amount to be paid a person hired to perform essential 
se rv ices  tha t  an injured non-income producer such as a 
housewife is unable to perform; also, conditions governing the 
right to sue which usually include death, serious injury, and a 
point at which medical expenses reach a stipulated amount. 
(Insurance Information Institute 1980, p.68) 
As a result of these differences, even states that are grouped together as 
having no-fault systems will have different distributions of reparations for 
accident costs. 
The AIRAC study aggregated the data it acquired in a consumer panel 
TABLE 3-12 
PERCENT OF ECONOMIC LOSS PAID BY REIMBURSEMENT 
SOURCES BY STATE GROUPINGS (1) 
S t a t e  Group Workers Auto Government Other 
Grouping Heal th Compensation Insurance Sources Insurance 
Tort  22.5% 4.1% 63.3% 8.8% 1.3% 
No-fault 19.5 
Add-on 30.0 
TOTAL 22.3% 3.5% 67.5% 5.6% 1.1% 
(1) Source: Al l - Indus t ry  Research Advisory Committee 1979, volume I ,  
p.128. 
Note: See t e x t  f o r  d e f i n i t i o n s  of s t a t e  groupings. 
TABLE 3-13 
AIRAC CLASSIFICATION OF STATES BY TYPE 
OF AUTO INSURANCE SYSTEM (1) 
No-Fault States: 
Colorado Hawaii Michigan New York 
Connecticut Kansas Minnesota North Dakota 
Florida Kentucky Nevada Pennsylvania 
Georgia Massachusetts New Jersey Utah 
Add-On States: 
Arkansas Mary1 and South Carolina Texas 
Deleware Oregon South Dakota Virginia 
(1) Source: All-Industry Research Advisory Committee 1979, volume I, 
p.9.  
Note: See text for definition of no-fault and add-on systems. 
study by amount of economic loss and by amount of reparations. Injury 
data on severity and body region injured were apparently collected, but 
not reported in the consumer panel portion of the published study. The 
economic loss measure is the only variable in their study that could be 
used as a measure of severity, but economic loss shows little correlation 
with injury severity scales (AIS, ISS, KABCO, etc.) used in data bases 
that have restraint information needed to make cost savings estimates for 
this study. This lack of correlation is illustrated i n  Table 3-14 with 
twelve AIS = 4 and thirteen AIS = 5 injuries reported in an HSRI study 
(Marsh, Kaplan, and Kornfield 1977). The wide ranges, large discrepancy 
between means and medians, and size of the standard deviations relative 
to the means emphasizes the need to collect more than just injury 
severity data. Knowledge of the vicitim's demographic cohort, injury 
type, and body region affected are also needed to accurately estimate 
economic costs for an individual victim (See also Reinfurt et al. 1978; 
Callaway and Drucker 1979; Stiffman 1978). 
Although one cannot estimate the distribution of the cost of nonuse of 
restraints from data in the AIRAC consumer panel study, those data do 
give the best information available on the incidence of the payment for 
injury costs. Table 3-15 shows the incidence by amount of economic loss. 
~ u t o m o b i l e  insurance bears 97.6% of the burden for injuries with no 
economic loss where some form of payment was received by the injured. 
Auto insurance bears the majority of payment for all levels of injury 
severity except the most serious (economic loss greater than $10,000), 
where group health insurance provides a larger share of payment. 
Overall, group health insurance paid 2 2  -3% of the total reparations paid 
to individuals in the AIRAC study, workers compensation paid 3.5%, auto 
insurance paid 67.5516, government sources paid 5.6 %, and other insurance 
sources contributed 1.1% to the total reparations paid. 
An earlier study by the U.S. Department of Transportation (1970) 
es t imated  incidence of accident costs using medical insurance, life 
insurance, auto medical insurance, collision insurance, net tort ,  and wage 
replacement (sick leave, workers compensation, social security, etc.) as 
the sources of reimbursement for seriously injured and fatal  victims of 
TABLE 3-14 
RANGE, MEAN, MEDIAN, AND STANDARD DEVIATION 
OF AIS 4 AND 5 INJURIES (I) 
STANDARD 
AIS - LOW - HIGH - MEAN - MEDIAN DEVIATION N - 
(1) Source: Marsh, Kaplan, and Kornfield 1977, p. 26. 
TABLE 3-15 
AIRAC ESTIMATES OF THE PERCENT PAID BY PRINCIPAL 
REIMBURSEMENT SOURCES FOR ALL INJURIES*, 1975-1977 DATA (1) 
SIZE OF 
ECONOMIC GROUP WORKERS AUTO GOVERNMENT OTHER 
LOSS HEALTH COMPENSATION INSUMCE SOURCES INSURANCE TOTAL 
over 25,000 76.3 0.0 23.2 . 5  0.0 100.0 
-~ 
A l l  Victims 22.3% 3.5% 67.5% 5.6% 1.1% 100.0% 
(1) Source: Al l - Indus t ry  Research Advisory Committee 1979, volume I ,  p.126. 
* To q u a l i f y  f o r  i nc lus ion  i n  t h e  consumer panel s tudy,  which formed t h e  d a t a  
base, an ind iv idua l  had t o  have repor ted  an economic l o s s  o r  payment a s  a 
r e s u l t  o f  an auto c rash  in ju ry .  
c r a s h e s  sampled  in t he  1967 to 1969 period. Table 3-16 shows the 
incidence of cost est imates from this study a f te r  deducting collision 
insurance and net tor t  in order to make the results more comparable to 
the AIRAC study results. 
Unlike the AIRAC study, the U.S. DOT study shows no consistent 
pat tern  for the payment of repara t ions  to  c rash  v ic t ims .  Sample  
differences may account for much of the difference in results, but there 
is a more fundamental problem with the U.S. DOT data. The data from 
which Table 3-16 was calculated (U.S. Department of Transportation 1979, 
volume I, p.45, Table 3.15) are reproduced in Table 3-17 exactly as they 
appear in the U.S. DOT study. The table suggests that row elements sum 
to 100% for each row, yet that is far  from accurate  when compared to  
t he  a c t u a l  row sums in t he  column labe led  ' lActual  Total.'' The 
discrepancies are too large for rounding errors and no mention is made of 
missing data or unknown classifications. These errors make it difficult to 
interpret the data available in this study. 
The AIRAC and U.S. DOT studies have provided data on the incidence 
or payment for injury costs on the basis of t he  individual  v ic t im ' s  
v iewpoint  . 0 ther viewpoints--employers, insurance premium payers, 
automobile owners, etc.-are less well represented. 
The National Safety Council (NSC) has done some work to estimate 
the incidence of injury costs from the employer's viewpoint. In Accident 
Facts  (National Safety Council 1979, pp.24, 251, NSC has estimated total 
time lost, injury costs, and the number of victims for all work-related 
acc iden t s .  In 1978, total  time lost was 245 million person days (45 
million for injured workers and 2 0 0  million for other workers) with 120 
million person days lost in future years as a result of 1978 accidents. 
The total accident cost for all types of accidents was $23 billion in 1978. 
Of that  to ta l  $10.6 billion was for "visible costs" ($4.2 billion for wage 
losses, $3.9 billion for insurance administration, and $2.5 billion fo r  
medical costs),  $10.6 billion was for other related costs (value of time 
lost by other workers, accident investigations, e tc.), and $1.8 billion was 
for fire losses. 
A rough idea of the amount of these costs that  is at tr ibutable to 
TABLE 3-16 
U.S. DOT ESTIMATES OF THE PERCENT PAID BY PRINCIPAL 
REIMBURSEMENT SOURCES FOR SERIOUS AND FATAL INJURIES*, 1967-1969 DATA (1) 
SIZE OF AUTO KAGE 
ECONOMIC MEDICAL LIFE MEDICAL REPLACEMENT 
LOSS INSURANCE INSURANCE INSURANCE SOURCES** TOTAL 
$ 0-499 17.2% 49.6% 15.1% 18.1% 100.0% 
over  25,000 6.9 29.9 1.1 62.0 99.9 
A l l  Victims 19.5% 24.8% 7.6% 48.2% 100.1% 
(1) Source: U,S. Department of Transpor ta t ion  1970, volume I ,  p.45. 
* Sample inc ludes  i n j u r i e s  with:  medical c o s t s  (excluding h o s p i t a l )  of $500 
o r  more, o r  two weeks o r  more of h o s p i t a l i z a t i o n ,  o r ,  i f  working, t h r e e  weeks 
o r  more o f  missed work, o r ,  i f  not  working, s i x  weeks o r  more of missed normal -
a c t i v i t y  . 
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(1) Source: U . S .  Department of Transpor ta t ion  1970, Volume *, Table 3.15, p .  45. 
* Sick leave,  workmen's compensation, Soc ia l  Secu r i t y ,  and s i m i l a r  sources .  
motor vehicle crashes can be es t imated  by noting the number of 
work-relat ed deaths and injuries involving motor vehicles. Of 54,800 
accidental, work-related deaths in 1978, 25,000 involved motor vehicles, 
and of 5.4 million disabling injuries, 1 million involved motor vehicles 
(National Safety Council 1978, p.25). These figures are translated into 
dollars in a publication of the Transportation Research Board (1980, p.6): 
On average, each such death [work-related fatalities] cost the 
victim's employer $120,000. When on-the-job injuries a r e  
added to deaths, motor vehicle crashes directly and indirectly 
cost employers a total of about $1.5 billion in 1978. The 
employer cost of vehicle crashes off the job is estimated by 
the National Safety Council to be an additional $1.9 billion. 
One fundamental problem that has not been addressed in the studies 
reviewed in this section is that of developing an adequate definition of 
t h e  incidence of injury cost that accounts for reparations that are 
sometimes greater than the economic loss estimates. Data from the 
AIRAC consumer panel study (Table 3-18) show that those who suffered 
least in economic terms received more reparations per dollar of loss than 
those who suffered greatest. On average, each of the four individuals 
with economic loss greater than $25,000 was not compensated for about 
$11,000 of economic loss while those who suffered no economic loss 
(forty-three persons) received an average of $1,294 above the amount of 
economic loss. Even more surprising is the indication that all forty-three 
who had zero economic loss received some compensation while one of the 
four with the greatest economic loss received no payment (All-Industry 
Research Advisory Committee 1979, volume I, p.125, Table 12.4). Evidence 
from the much larger AIRAC insurer study of auto injury (All-Industry 
Research Advisory Committee 1979, volume 11, pp.54-77) and from the 
U.S. DOT study (U.S. Department of Transportation 1970, volume I, p.41) 
corroborate this uneven distribution of compensation shown by the ratio of 
reparations to economic loss as a function of economic loss. 
Incidence of injury cost estimates based on these data could lead to  
t h e  conclusion that victims with ffexpensiven injuries bear almost half of 
the expense of their crashes while those with ltinexpensiven injuries 
TABLE 3-18 
EXTENT OF REIMBURSEMENT BY SIZE OF LOSS--ALL INSURANCE 
AND GOVERNMENT SOURCES COMBINED (1) 











Payment f o r  
Each $1 of 
Economic Loss 
A l l  Victims 1,107 $1,179 $1,648 $1.40 
(1) Source: All-Industry Research Advisory Committee 1979, p . 1 3 1 .  
ffmakefl money as a result of being involved in a traffic crash. Individuals 
with inexpensive, minor injuries may profit economically be cause of 
overlapping insurance coverage, dishonest claims, etc., but some 
reparations are undoubtedly intended to cover intangible, noneconomic 
losses (e.g., pain, suffering, disability, inconvenience, etc.) that are not 
included in the economic loss figures. Because of the reparations paid 
for these intangibles, i t  would be inappropriate to use economic loss as a 
base for incidence of cost estimates from these data. To use such 
insurance data correctly, one needs a definition and quantification of a 
dollar value for items usually judged nonquantifiable (see Section 3.2.2.11, 
or a means for subtracting reparations paid only for intangible losses. 
Both of these needs would be very difficult to meet. 
Though use of an appropriate base would remove the difficulty in 
interpreting data like that in Table 3-18, it would not eliminate the  
uneven distribution of reparations. The uneven distribution is due to such 
factors as limits on insurer liability, inadequate compensation for wage 
loss due to  dea th  or disability, and other problems with the injury 
compensation system not related to compensation paid for intangible cost 
components. 
In summary, existing da ta  on the  incidence of injury costs are 
inadequate for estimating the cost of nonuse of economic restraints by 
sector. Only aggregate, vtop-levelff estimates such as those in Section 4.0 
are possible until work is done to: 
Better define the role of intangible, noneconomic losses in 
incidence of injury cost es t imates ,  i.e., specify an 
appropriate incidence-of-cost estimate through inclusion of 
intangible  cost i tems in the  base or  e x c l u s i o n  of 
reparations paid exclusively for intangibles; 
Identify the causes and extent of redistribution of income 
and resources between sectors through passing on, taxation, 
insurance premiums, and income redistribution; 
Develop consistent data for all sectors-society, victim, 
employer, insurance company, et c.; and 
Define more exactly the impact of the various state auto 
insurance and workers compensation systems. 
3.4 Summary and Conclusions 
Published studies relevant to this study tend to fa l l  into two broad 
categories: 
f u l l  s t u d i e s  tha t  have developed es t ima tes  of t h e  
effectiveness and/or benefits of occupant restraints  in 
reducing injury costs; and 
component studies that have developed estimates of the 
factors that are needed to calculate e f fec t iveness  or 
benefits. Such factors include injury severity distributions, 
unit costs of injuries, and restraint use rates. 
A third area of significant concern to this study, the matter of who 
pays these costs (i.e., incidence of costs), has been neglected almost 
entirely. No study was found to have data elements necessary to allocate 
the cost of nonuse of restraints by sector. 
Three recent fu l l  studies of the effects of restraints and the economic 
costs of injuries in North America have been conducted. One of these 
was in Canada and used cost elements that were too incomplete for 
adoption in this study. Of the other two, only one (the study by HSRC 
researchers) actually developed the data used in its effectiveness and 
benefits estimation. The main drawbacks of the HSRC study vis-a-vis 
this  study a r e  i t s  restrictions to certain classes of crashes and its 
limitation of the cost components considered. Also, the HSRC study 
developed only t h e  unit cost per occupant per crash of nonuse of 
restraints and made no attempt to estimate any nationwide cost of 
nonuse. I ts  estimate of this unit cost (called 'ldirectll costs by the 
au thors)  was about $321 in 1974 d o l l a r s .  This  f i g u r e  is  f o r  
lap-and-shoulder belts. 
T h e  second f u l l  s tudy (by t h e  DeLorean Company) was more 
comprehensive than the HSRC study, but used severity reduction data 
from other studies. It is not clear whether any attempts were made to 
account for the confounding effects of other variables on injury severity 
reductions due to restraint use. The DeLorean study estimated nationwide 
societal benefits of from $1 billion to $9 billion, depending on the type 
and use rate of the restraint. 
Many studies have examined various parts of the problem of economic 
costs of restraint nonuse. Most of these studies have been concerned 
only with the effects of restraint use on injury severity. Only a few are 
applicable to this study because most studies do not attempt to account 
for the possible confounding effects of nonrestraint factors, are limited in 
the populations they treat, or are now out of date. The most careful of 
the applicable studies is the HSRC study, while the most recent published 
injury data (unadjusted for interactions) come from the first fifteen 
months of the NCSS effort (January 1977 through March 1978). 
Very few published studies have analyzed traffic crash costs as a 
function of injury severity. The data in these studies are difficult to 
apply to this study because of 
t h e  l a c k  of common definit ions of individual cost 
cargonents, 
the higher level of aggregation of cost components, and 
the lack of information about the samples used. 
The result is that these studies can only be used to get a rough idea of 
the range of injury costs. The studies by HSRC and Faigin of NHTSA 
appear the most appropriate for this purpose. 
4.0 COST ESTIMATES 
This section uses published data selected from the literature reviewed 
in the preceding section to estimate the costs of not using occupant 
restraints. Because of the paucity of data on re s t r a in t  use among 
occupants  of crashed vehicles in general, the estimates are for a 
particular subpopulation of such occupants. The subpopulation is com pos ed 
of occupants of passenger cars involved in crashes so severe that the 
vehicles had to be towed from the crash scene. 
The use of these towaway crashes of passenger cars as the major 
target of the analysis is contrary to our original intent, but is less  
r e s t r i c t ive  than it may seem a t  first. The greater severity of the 
crashes makes it more likely that the full injury-reducing potential of the 
r e s t r a in t s  will be underscored and not be masked by other factors. 
Further, there are far more passenger cars than other types of vehicles in 
crashes. (The National Safety Council 11979, p.561 estimates passenger 
cars comprise 78.1% of the vehicles involved in all crashes and 65.1% of 
the vehicles involved in fatal crashes in 1978.) 
The type of restraints considered in t h e  cost calculat ions a r e  
lap-and-shoulder belts. This is necessary because the most reliable 
published data for analyzing costs are most applicable to this type of 
restraint. 
Both unit costs and nationwide costs are considered. Some rough 
extrapolations of the costs for the restricted crash population to the more 
general population of crashes are presented at the end of this section. 
4.1 Towed Passenger Cars 
This subsection develops a first estimate of the nationwide costs of 
not using occupant restraints in passenger cars that are towed from the 
scene of a crash. As noted in previous sections, three major categories 
of ingredients are needed to compute such costs: 
frequency distributions of injury severity for occupants 
with and without restraints; 
expected unit costs of injuries of various severities; and 
numbers of crash-involved occupants with and without 
restraints. 
The sources of data used to derive these three ingredients and the 
assumptions made in our analysis of their use are discussed first. The 
nationwide costs are then computed and discussed. 
4.1.1 Injury Distributions. The published literature contains three 
possible sources of relevant injury distribution data that are recent enough 
for this analysis. The sources are: 
the report on the National Crash Severity Study (NCSS) 
statistics edited by Ricci (1979); 
t he  HSRC study of Level 2 accident investigation data 
from five geographic regions (Reinfurt, Silva, and Seila 
1976); and 
the USC study of Level 2 accident investigation data from 
California (Baird et al. 1977). 
Other studies of Level 2 data (e.g., Cromack et al. 1976; Scott, Flora, 
and Marsh 1976) are not readily applicable to this analysis because the 
injury distributions used are not presented in the reports. 
The NCSS data cover all occupants in applicable crashes. The data 
are also very recent, having been collected during the period January 1977 
through March 1978. Cars of all model years in applicable crashes a re  
represented.  However, the data are not representative of towaway 
passenger car crashes nationwide, although the source states that the 
"aggregate of the seven geographical weas used has an urbanization close 
to that of the entire United Statesn (Ricci 1979, p. iv). Perhaps an even 
more serious problem in using the NCSS data in this analysis is that the 
data as presented are raw data. No attempt has been made to  ffcontrollf 
for confounding effects through post hoc manipulations of the data. Thus, 
it cannot be said that the observed differences in injury distributions with 
and without restraints are actually due to the restraints. 
The HSRC study is the only one of the three that has attempted to 
remove differences in the distributions caused by other factors. Also, 
while i t s  data  a r e  not t ruly "representativeff of applicable crashes 
nationwide, the five locations chosen (western New York, Michigan, 
Miami,  San Antonio, and Los Angeles) provide a wide range of 
geographical attributes. On the other hand, the study was deliberately 
limited to 1973-1975 model cars and thus does not apply to the present 
mix of passenger cars in the vehicle fleet. However, such a limitation 
has the advantage that the restraint systems and other safety features 
were similar for all cars in the sample. 
Finally, the HSRC study was limited to occupants of outboard front 
seats. This limitation is inconsequential when analyzing lap-and-shoulder 
belts or when comparing lap-and-shoulder belts with other restraints, since 
such belts were available only at these positions. 
The USC study has most of the limitations of the HSRC study, but did 
not attempt to account for the effect of nonoccupant restraint factors on 
injury severity. It also had a smaller sample size (about half as many 
vehicles) and included crashes only from the Los Angeles area. 
It is interesting that, despite the differences in these three data bases, 
the injury sever i ty  distributions a r e  fair ly  close. P lo t ted  on a 
semilogarithmic scale (see Figures 4-1, 4-2, and 4-3), the differences 
appear  as  "normalff s c a t t e r  throughout most of t h e  AIS r a n g e .  
Particularly, the NCSS and the HSRC data are quite close together at the 
higher AISs, except for the lap-belts category, where large differences 
exist at AIS 6. This could be due to the very small number of fatally 
injured drivers who wore lap belts (13 in NCSS and 4 in the HSRC study). 
Large differences also exist at AIS = 2 for all categories of restraint use, 
but these differences will have a smaller effect on cost than an equal 
difference at higher AISs would have. There is no obvious explanation for 
the observed difference at AIS = 2. 
On balance, it appears that the HSRC injury data offer the fewest 
pitfalls in arriving at a first estimate of the effect of occupant restraints 
FIGURE 4-1 ' 
INJURY SEVERITY DISTRIBUTIONS FOR OCCUPANTS OF OUTBOARD FRONT 
SEATS OF TOWED PASSENGER CARS I N  TOWAWAY CRASHES--NO RESTRAINTS USED 
0 NCSS (Ricc i  1979) 
X HSRC, Adjusted,  Mantel-Haenszel ( R e i n f u r t ,  S i l v a ,  and S e i l a  1976) 
A USC (Baird e t  a 1  . 1977) 
FIGURE 4-2 
INJURY SEVERITY DISTRIBUTIONS FOR OCCUPANTS OF OUTBOARD FRONT 
SEATS OF TOWED PASSENGER CARS IN TOWAWAY CRASHES--LAP BELTS USED 
@ NCSS (Ricci 1979) 
X HSRC, Adjusted Mantel -Haenszel (Reinfurt, Silva, and Seila 1976) 
A USC (Baird et a1 . 1977) 
FIGURE 4-3 
INJURY SEVERITY DISTRIBUTIONS FOR OCCUPANTS OF OUTBOARD FRONT SEATS OF 
PASSENGER CARS IN TOWAWAY CRASHES--LAP-AND-SHOULDER BELTS USED 
Q NCSS (Ricci 1979) 
X HSRC, Adjusted Mantel-Haenszel (Reinfurt, Silva, and Seila 1976) 
A USC (Baird et a1 . 1977) 
on the cost of injuries incurred in towaway crashes of passenger cars. 
Clearly, the HSRC data are better suited to our purposes than the USC 
data. However, because of uncertainties in the quantitative effects of 
the differences between the HSRC data and the NCSS data, we will 
retain both sets at  this juncture and calculate costs using both sets. 
Differences in cost estimates can be then viewed as being due t o  
uncertainties about the injury distributions with and without restraints. 
Table 4-1 shows the injury distributions from the HSRC and NCSS studies 
for the no-restraint and lap-and-shoulder belt categories. The numbers 
are based on data plotted i n  Figures 4-1 and 4-3. The last columns in 
the table list the differences between the probability of a given injury 
with no r e s t r a in t  and the  probabili ty of a given injury wi th  a 
lap-and-shoulder belt restraint. The numbers shown for AIS = 1, 4, and 5 
were derived through a log-linear interpolation of the data in Figures 4-1 
and 4-3. 
4.1.2 Unit Cost Functions. Only two sources were found to have 
documented cost data in a form suitable for this analysis. The first (and 
most widely used source in the highway safety field) is the NHTSA 
societal cost study by Faigin (1976). The second is the HSRC study by 
Reinfurt, Silva, and Seila (1976). The two studies differ widely in their 
purpose and approach, as noted in Section 3.0. Faiginls study sought to: 
. . . derive cost estimates that adequately reflect certain 
losses to society. Some losses are to individuals as a part of 
society and others are to society external to the individual. 
The two basic citeria for identifying loss components are  (1) 
resources consumed in the repair of damage to people and 
veh ic l e s  t h a t  could be s h i f t e d  in t h e  long  run t o  
welf are-producing activities and (2) the consumption losses of 
individuals and society at large caused by losses in production 
and the ability to produce. (Faigin 1976, p. 1.) 
The HSRC cost analysis had much more modest objectives, seeking merely 
to estimate what its authors defined as the "direct costs" of injury. 
Some of the lower-level components of costs used in building up the 
costs in t h e  two studies  a r e  suf f ic ien t ly  s imilar  t o  allow direct 
TABLE 4-1 
INJURY SEVERITY DISTRIBUTIONS 
FROM THE NCSS' AND H S R C ~  STUDIES 
1. National Crash Seve r i t y  Study (Ricci  1979) . 










3. P robab i l i t y  t h a t  occupant w i l l  incur  an i n j u r y  of s e v e r i t y  i, 
given a c rash  - and no r e s t r a i n t .  
4. P robab i l i t y  t h a t  an occupant w i l l  i ncur  an i n j u r y  of s e v e r i t y  i, 
given a c rash  - and a lap-and-shoulder b e l t  r e s t r a i n t .  
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comparison were their values known. For example, HSRCts costs were 
calculated as the sum of hospital costs, professional fees, lost wages, and 
funeral expenses. Faigints costs contain these components plus others. 
Unfortunately, the values of HSRCfs components are not presented in its 
s tudy repor t  so i t  is not possible to  compare them with the cost 
components presented in Faiginls report. 
Nevertheless, costs from both reports are of interest to this study, if 
for  no o ther  reason than they provide a benchmark for fu r the r  
comparisons later in our project. Some adjustments in the costs are 
needed, though, to place them in the context of the present economic 
environment. The rationale behind the adjustments is discussed in section 
3.2. 
Tables 4-2 and 4-3 present the resulting calculations. Applicable unit 
costs of not wearing restraints are presented in Table 4-4. The unit 
costs are  stated in terms of dollars per occupant of an outboard front 
seat of passenger cars towed from the crash scene. The unit costs were 
calculated by multiplying each injury cost component in Tables 4-2 and 
4-3 by the probability differences from Table 4-1 and summing t h e  
resulting products over dl injury severities. 
The results show surprisingly small differences between costs computed 
using the HSRC and the NCSS injury severity distributions. The societal 
costs based on NCSS injury data are about twenty-two percent higher 
than the  soc ie t a l  costs based on HSRC injury data. However, the 
so-called direct costs based on NCSS injury data are only about seven 
percent higher than the direct costs based on HSRC injury data. The 
reason that this la t ter  figure is so low is t h a t  t ldirectl t  costs a r e  
relatively insensitive to percentage of injuries at the lower AISs. The 
differences between the NCSS and the HSRC injury distributions occurred 
at these lower AISs. 
The unit tlsocietallt cost savings from wearing lap-and-shoulder belts is 
about $2,500 to $3,100, or about five to six times the f fd i rec t t l  cost  
savings. The two major factors contributing to the large difference 
between societal and direct cost appear to be a large component of 
lost-productivity cost and a "home, family, and communityf1 component in 
TABLE 4-2 
"DIRECT" COST OF INJURIES AS A FUNCTION OF AIS 
1974 Dollars  May 1979 Dollars  
Avg. Cost Avg. Cost 
(1) Source: Reinfur t ,  S i lva ,  and S e i l a  1976, ad jus ted  by the  consumer 
p r i c e  index f o r  a l l  items (U.S. Bureau of the  Census 1979, 
p.483) . 
TABLE 4-3 
(May 1979 Dol la rs )  
AIS 
Cost Component 6 5 4 3 2 1 
Production/ 
Consumption 
Nonmarket 84,400 60,465 
Medical 
Hospi tal  424 8,862 
Physician G 
o the r  227 7,843 
Coroner-medical 
examiner 14 3 - - 
Rehab i l i t a t i on  -- 8,514 
Funeral 1,229 - - 
Legal G Court 2,909 2,185 
Insurance 
Administration 392 392 
Accident 
Inves t iga t ion  106 106 
Losses t o  o t h e r s  4,894 5,552 
T r a f f i c  Delay 106 80 
TOTAL 376,169 252,216 111,139 7,143 3,412 808 
(1) Source: Fa ig in  1976, ad jus ted  by t h e  consumer p r i c e  index f o r  app l i cab le  
budget ca t egor i e s  (U.S. Bureau of  t h e  Census 1979).  
TABLE 4-4 
UNIT COSTS OF NOT WEARING LAP-AND-SHOULDER BELTS 
IN PASSENGER CARS TOWED FROM THE SCENE OF A CRASH 
(May 1979 d o l l a r s )  
COST 
COMPONENT 








Home, Family, Community 
Medical 2  
Funeral 
Insurance Administration 
Accident Inves t iga t ion  
Losses t o  Others 
T r a f f i c  Delay 
TOTAL 
"DIRECT COSTS"~ 475 
1. From Faigin (1976), ad jus ted  (see Table 4-3). 
2 .  Includes hosp i t a l ,  physician,  coroner/medical examiner, r e h a b i l i t a t i o n .  
3 .  From Reinfurt ,  S i lva ,  and S e i l a  (1976), adjusted (see Table 
4-2); includes hosp i t a l ,  p rofess iona l  f e e s ,  l o s t  wages, and 
fune ra l  c o s t s .  
4, D i s t r i bu t ions  from Reinfurt ,  S i lva ,  and S e i l a  (1976). 
5. D i s t r i bu t ions  from Ricci  (1979) . 
the societal costs. The only comparable component in the direct costs is 
a lost wage cost, which appears to be small compared to these two 
factors. 
4.1.3 Nationwide Cost of Nonuse. The maximum possible nationwide 
cost of not wearing lap-and-shoulder belts i n  towaway crashes of 
passenger cars towed from the scene of a crash can be computed by 
multiplying the unit costs listed in Table 4-4 by the number of occupants 
in outboard front sea ts  of all such vehicles in applicable crashes 
nationwide. Algebraically, 
A C ~  = N Ac max 0 R '  
where 
A C N m a X  = m a x i m u m  n a t i o n w i d e  c o s t  of n o t  u s i n g  
lap-and-shoulder belts in outboard front sea t s  of 
towed passenger cars in applicable crashes 
No = number of occupants in outboard front  sea t s  of 
towed passenger cars in applicable crashes 
AC R = unit costs of not using lap-and-shoulder belts in 
outboard front  seats of towed passenger cars in 
applicable crashes (from Table 4-41. 
We estimate No from the following expression: 
No = k l  k2 N, , 
where 
k ,  = ratio of number of outboard front seat occupants of 
towed passenger cars in applicable crashes to number of 
all  occupants of towed passenger cars of applicable 
crashes 
k ,  = ratio of number of all occupants of towed passenger 
cars in applicable crashes to number of applicable 
crashes 
NT = number of applicable crashes per year. 
From Ricci (19791, 
An analysis by Gimotty (1980) suggests that some 2.4 to 2 . 7  million 
towaway crashes involving passenger cars occurred during the first fifteen 
months of the NCSS data collection effort. We will assume a number of 
2.5 million here. Thus, 
1 2  6 6 
NT = x 2 . 5  x 10 = 2 . 0  x 10 , and 
No = ,845 x 1.946 x 2.0 x 10 
6 
Applying this multiplier to the unit cost data in Table 4-4 yields the 
maximum nationwide costs per year of not using lap-and-shoulder belts in 
towaway crashes of passenger cars. These cost savings are presented in 
Table 4-5. 
The societal costs are about $8.4 billion to $10.2 billion per year, 
depending on the injury distribution data used. Medical costs alone make 
up about $0.5 billion of this amount. So-called l1marketl1 costs due to loss 
of productivity are by far the largest component of soc ie t a l  costs ,  
amounting to  some $5.6 to  $6.9 billion per year. The direct cost 
component. as defined by Reinfurt, Silva, and Seila (1976) also add up to 
a significant amount, about $1.6 to $1.7 billion per year. 
Of course, these figures are maximum amounts for the conditions 
analyzed and thus are greater than could be saved through any actual 
countermeasure program. They are also slightly higher than the current 
cost of nonuse, since some four percent of all occupants of towaway 
crashes of passenger cars do wear lap-and-shoulder belts (Xicci 1979, p. 
58). Nearly all of the lap-and-shoulder belt wearers and a few of the 
lap-belt wearers could be expected to be occupants of outboard front 
seats .  
As was noted in Section 3.0, the question of who pays these costs has 
not been analyzed in any depth in published s tudies .  Faiginls cost 
components are viewed from the perspective of all society, with no 
explicit discussion of which segments of society pay which costs. The 
cost components presented in the HSRC study appear to be viewed from 
the perspective of the accident victim and his family, but again there is 
no discussion of how portions of these costs may be transferred to other 
sectors of society (for example, government agencies and private business 
organizations). 
4.2 Extensions of the Data on Towaway Crashes of Passenger Cars 
Injuries to occupants of outboard front seats of passenger cars involved 
in towaway crashes can be expected to be a significant and probably 
major contributor to the total economic cost of not using occupant 
restraints. This is because: 
the more serious, and thus the most costly injuries occur 
more frequently to front seat occupants; 
most occupants sit in the front seat; 
towaway crashes are more likely to result in more serious 
injuries; and 
there are  far more passenger cars than other vehicles in 
the vehicle fleet. 
Unfortunately, no accurate estimates of the effects of these factors on 
the cost of restraint nonuse are possible from published es t imates .  
Certainly, including other passenger car occupants in the calculations 
would not raise the cost estimate in the preceding subsection by any 
more than that obtained by using the number of all occupants instead of 
the number of outboard, front-seat occupants in the calculations. This 
would increase the costs in Table 4-5 by about twenty percent. 
Including nontowaway crashes of all types in the calculations would 
have the effect of moving the distributions in Figures 4-1, 4-2, and 4-3 to 
the left, A rough idea of the magnitude of this shift or1 the cost of 
nonuse of restraints can be gained by assuming that the APb in Table 4-1 
go to zero for AIS = 3, 4, 5, and 6 but remain the same a t  AIS = 1 and 
2. The number of outboard occupants in these nontowaway crashes could 
TABLE 4-5 
MAXIMUM ANNUAL NATIONWIDE COST OF NOT WEARING 
LAP-AND-SHOULDER BELTS IN TOWAWAY CRASHES OF PASSENGER CARS 





















1. From Faigin (19761, adjusted. 
2. From Reinfurt, Silva, and Seila (1976), adjusted. 
be TTguestimatedff by assuming: 
a there are 4.0 x lo6 - 2.0 x 10' nontowaway, personal injury 
crashes per year (the first figure is from [Faigin 19761 1, and 
the factors k ,  and k ,  are the same as for towaway crashes. 
The resulting calculations show an additional fTsocietalfl cost of about $0.6 
billion and an additional "directu cost of about $0.1 billion. For societal 
costs, this amounts to an increase of some six percent over the costs 
calculated for towaway crashes. Not using lap-and-shoulder belts in the 
nontowed vehicles in towaway crashes could account for another two 
percent. Combining this factor with the twenty percent factor calculated 
above would increase the societal costs in Table 4-5 by about thirty 
percent. The direct costs would increase by a slightly larger percentage. 
4.3 Summary and Conclusions 
Published data on towaway crashes of passenger cars indicate that 
lap-andshoulder belts reduce the risk of injury to occupants of outboard 
f ront  s e a t s  of the  cars involved in towaway crashes. The largest 
percentage reductions in risk occur a t  the higher injury severities, but 
significant reductions occur even a t  the lowest levels of severity. It 
appears that the incidence of fatal injuries among such occupants can be 
reduced by about one half by the use of lap-and-shoulder belts. The 
incidence of severe to critical injuries in this population can be reduced 
some fo r ty  to  fifty percent, and minor to moderate injuries can be 
reduced about twenty percent and fifty percent, respectively. 
These reductions in injury severity result in corresponding reductions in 
economic costs due to injury. Viewed another way, the expected cost of 
injuries incurred when lap-and-shoulder belts are not worn are higher than 
the expected cost of injuries incurred when such restraints are worn. 
Based on the HSRC and F a i g i n  studies, the average economic loss for 
an occupant of a passenger vehicle towed from a crash scene who did not 
use an available lap-and-shoulder restraint is estimated at  about $500 in 
"directTT costs and $2,500 for Trsocietalu costs that include direct costs. 
An average societal cost estimate of $3,100 may be obtained if NCSS 
data are used to calculate the average economic loss due to nonuse of 
available occupant restraints. 
A nationwide estimate for occupants of cars towed from crashes who 
do not use lap-and-shoulder restraints is about $1.6 billion in direct costs. 
Total cost estimates for this population are about $8.4 billion. These 
cost estimates are in 1979 dollars and are annual costs for the population 
that formed the basis for the estimate (outboard front seat occupants of 
cars towed from the  scene of a crash who did not use avai lable  
lap-and-shoulder restraints). Inclusion of other types of occupants, 
vehicles, and crashes would increase estimates of economic costs by thirty 
percent or more. 
5.0 CONCLUSIONS AND RECOhlMENDATIONS 
A three-part analysis is required to estimate the economic costs of 
nonuse of occupant restraints. These three parts are concerned with: 
the effects of nonuse on the severity of injuries incurred 
in crashes, 
the economic costs of such injuries, and 
the number of individuals in crashes who wear and who do 
not wear restraints. 
Most of the published literature addresses the first and third of these 
parts. Very few studies have attempted to estimate the cost of t raff ic  
crash injuries as a function of injury severity. The studies that contain 
data on the effects of restraints on injury severity are concerned mainly 
with the effectiveness of various kinds of restraints in reducing injury 
severity. The effectiveness is usually defined (e i ther  explicit ly or 
implicitly) as the percent reduction in injuries of a given severity when 
restraints are worn. 
A serious problem in using data from most of these studies for our 
analyses is that they do not account for other factors that could have 
influenced injury severity among the populations studied. Thus, it is not 
known whether not using the restraints or some other factor caused the 
reduction in injury severity. The few studies that do attempt to account 
for these other factors either (1) have other methodological problems, ( 2 )  
are restricted to specific subpopulations of drivers and vehicles, or (3) 
both. 
The most careful, applicable study of restraint use and injury severity 
in this country was performed by researchers from the University of 
North Carolina Highway Research Center (HSRC). The study population 
was outboard front-seat occupants of passenger vehicles that were towed 
from the scene of a crash. They reported that shoulder-and-lap belts: 
reduced fatalities by 55%, 
reduced injuries of Abbreviated Injury Scale (AIS) three and 
higher by 46%, and 
reduced injuries of AIS two and higher by 52%. 
Similar reductions in serious injuries have also been reported by other 
studies of similarly constituted populations of drivers (for example, data 
from the first fifteen months of data collection in the National Crash 
Severity Study [NCSS] ), 
Only two U.S. studies were found to have cost data in a form suitable 
for use in this study. The first was the HSRC study, which estimated 
"directv costs, and the second was the NHTSA study (Faigin 19761, which 
estimated l l ~ o c i e t a l ~ ~  costs. Both studies presented their  costs as  a 
function of AIS. Direct costs included hospital costs, cost of professional 
fees, lost wages, and funeral costs. The societal costs included market 
costs (i.e., cost of losses in productivity); home, family, and community 
costs; medical costs; funeral costs; legal and court costs; the cost of 
insurance administration; the eost of investigating accidents; the costs of 
losses to others; and traffic delay costs, 
5.1 Estimated Cost of Nonuse 
These s tudies  provide the  best avai lable  da ta  for developing 
preliminary cost estimates. For the population studied, we estimate that 
the direct cost of nonuse of a lap-and-shoulder restraint is about $500 per 
occupant per crash in 1979 dollars. This number is based on injury 
severity data and cost data developed by HSRC. The societal cost, which 
includes direct costs, is about $2,500 per occupant per crash in 1979 
dollars. This number is based on injury data developed by HSRC and cost 
data developed by Faigin of NHTSA. These costs are for a crash-involved 
occupant of outboard front seats who did not use a lap-and-shoulder 
restraint in a passenger vehicle that was towed from the scene of a crash. 
These estimates can be used to develop estimates of the total cost 
among the population nationwide involved in similar crashes. We estimate 
the nationwide direct costs to be of the order of $1.6 billion per year and 
the societal costs to be of the order of $8.4 billion per year for the 
nonuse of lap-and-shoulder restraints by crash-involved occupants of 
passenger vehicles that were towed from crashes. 
We view these estimates as conservative. Use of severity data from 
the NCSS study would increase our cost estimate. Inclusion of other 
types of vehicles, crashes, and occupants in the calculations would also 
increase costs-probably by thirty percent or more. An estimate of $15 
billion per year as the upper range of economic costs of nonuse of 
occupant restraints is a reasonable order-of-magnitude approximation. 
5.2 Who Pays? 
The important question of who pays these costs (i.e., the incidence of 
costs) could not adequately be addressed in the first phase of the study 
because of a lack of data in the published literature. 
The language used in past studies implies that direct costs are paid by 
the victim or the family. Medical insurance is widespread. Many victims 
will have transferred the risk of injury loss through insurance-insurance 
that they have bought or that is provided for them by employers. Other 
victims will qualify for taxpayer-supported programs (e.g., Medicaid). Who 
actually pays the direct costs has not been established and needs to be 
addressed. 
Similarly, the language of past studies implies that 71societa117 costs are 
paid by society rather than the victim. Clearly, there are important cost 
elements that are not paid by the victim that society does pay. What 
element of society bears which cost is not known. Thus, the question of 
who pays remains largely unanswered by research to date. 
5.3 Future Directions 
Two topics will be explored in the second phase of the study. The 
first, and most critical, is to develop methods for ident i fying the  
incidence of costs among various sectors of society. At this juncture, the 
sectors and the individual cost components themselves have not been 
identified with sufficient precision to warrant an in-depth analysis of a 
specific sector (e.g., industrial employers) to see what sectors pay what 
cost components. Similarly, an analysis of a given cost component (e.g., 
medical costs) to see what sectors pay that cost would be inappropriate, 
since the sectors that pay might not pay portions of other, perhaps more 
important, cost components (e.g., lost wages) that have not been clearly 
identified. 
Thus, our approach will be to undertake data collection and analysis 
that will support the identification of sectors that bear significant 
portions of the important components of the cost of nonuse of occupant 
restraints. A case approach will be used, We will examine several past 
crashes to document the costs and who paid the costs. The possibility of 
using cases examined in two previous HSRI studies of traffic crash costs 
in Washtenaw County will be explored (Flora, Bailey, and OtDay 1975; 
Marsh, Kaplan, and Kornfield 1977). As these  s tudies  col lected 
information on only nonfatal injuries, other cases would have to be 
included to develop fatal injury cost data. 
This inquiry should lead to the preliminary identification of those 
sectors that appear to bear significant portions of the costs of nonuse of 
occupant restraints. This will support subsequent analysis of the sectors 
to determine the cost elements actually incurred. Such analyses will 
allow preliminary estimates of who pays what. 
A second priority topic for the second phase of the study will be the 
continued examination of the data on injury severity. Existing data need 
to be expanded and associated with cost data. Much data on the effect 
of restraint use on injury severity exist in present accident investigation 
files but have not been published. We expect to undertake a limited 
e f fo r t  to  "minen existing data. We recommend that more intensive 
efforts be funded to examine both the NCSS and early NASS (National 
Accident Sampling System) data files to see if presently available data on 
the distribution of injury severity can be improved or extended to other 
populations (e.g., small trucks and vans). The feasibility of using HSRCfs 
analysis program for accounting for the effects of other f ac to r s  on 
severity distribution should also be examined. 
As this is an interim report of work in progress, we urge tha t  a 
reader study it  carefully to undertand the assumptions that were used in 
developing the estimates. We welcome comments. Refinement of the 
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